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Outstandin 
for the CL44 


Duniop wheels, brakes, contribute low 


equipment 
costs through 
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long life with minimum 

maintenance. Dowty’s 
world-wide service offers 
support wherever aircraft 


are operated. 
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Garrett Systems and Components Vital the CL-44 


Windshield Temperature Sensor 

Cabin Temperature Selector 

Cabin Pressure Manual Valve 
Cabin Pressure Selector 

Wing Temperature Sensor 26. Back Pressure Valve 
Spoiler Magnetic Amplifier Position 27. Modulating Air Valve 


Controller 28. Check Valve 
Rudder Trim Actuator 29. Sensor 


8. Elevator Horn Balance Temperature Sensor 


22. Shut-off Valve 
23. Cooling Turbine 
24. Ground Cooling Fan 


30. Modulating Hot Air Valve (Wing Anti-icing) 


37. Flight Deck Mix Valve 
38. Cabin Duct Anticipator 
39. Cabin Magnetic Amplifier Temperature 


25. Secondary Heat Exchanger 


40. Windshield Magnetic Amplifier 
Temperature Control 


41. Elevator Horn Balance Magnetic 
Amplifier Temperature Control 


42. Tail Magnetic Amplifier Temperature Control 
43. Wing Magnetic Amplifier Temperature 


Tail Temperature Sensor 31. Flow Control Sensor Control 
10. Cabin Pressure Outflow Valve 32. Primary Heat Exchanger Jet Pump 
11. Water Separator 33. Floating Thermostat 45. Outflow Valve 
12. Sensor Modulating Air Valve 46. Flight Deck Anticipator 


13. Anti-ice Valve 35. Hot Air Check Valve 


14. Spill Valve 36. Cabin Air Valve 
15. Orifice Tee 


16. Solenoid Valve 

17. Cold Air Check Valve 
18. Spoiler Actuator 

19. Spoiler Follow-up Transducer 
20. Aileron Trim Actuator 


Floating Control 
Thermostat 


Close cross-the-border teamwork between Canada and 
the United States has again been exemplified The 
Garrett Corporation’s Canadian and U.S. manufactur- 
ing divisions...this time their joint design and pro- 
duction the many major systems and components for 
Canadair’s new Turboprop CL-44. 

The first long range aircraft designed for the air cargo 
industry, this revolutionary swing-tail air freighter 
solves the problem rapid, economical cargo movement. 


47. Galley Refrigerator 
48. Spoiler Command Transducer 


Full responsibility has been assumed Garrett for 
the reliability and compatibility all components 
the air conditioning, pressurization, cabin temperature 
control and wing spoiler actuating systems. Anti-icing 
systems controls and other system components supplied 
Garrett are also shown above. 

Garrett Manufacturing has staff and facilities for 
design, manufacture, overhaul and repair aircraft, 
missile and ground support components and systems. 
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REFRIGERATION SYSTEMS @ PNEUMATIC VALVES AND CONTROLS @ TEMPERATURE CONTROLS @ CABIN AIR COMPRESSORS 
TURBINE MOTORS @ GAS TURBINE ENGINES @ AIR TURBINE STARTERS @ CABIN PRESSURE CONTROLS @ HEAT TRANSFER 
EQUIPMENT e ELECTROMECHANICAL EQUIPMENT @ ELECTRONIC COMPUTERS AND CONTROLS @ INSTRUMENTS @ SURVIVAL EQUIPMENT 


(5) 

j 

N ‘ 20) | 

= 


“Sank 
sub 
without 
sighting 


Such message might well dispatched the captain 
naval patrol aircraft the event hostilities. For when 

the navy takes the air hunt out the elusive submarine they 
carry aloft deadly armament for tracking and killing 
underseas craft without actually sighting them. 


The CS-2F Tracker aircraft with homing torpedo 
formidable combination. The tracker detects the sub 

from the air then drops the torpedo. The torpedo hunts down 
and kills the sub though had intelligence its own. 


For the Tracker aircraft, Aviation Electric supplies 

Eclipse-Pioneer PB20F autopilot capable taking the 
aircraft off carrier and flying fixed course 

any fixed altitude and Compass Coupler which converts 
aircraft compass headings signal intelligible 

the automatic pilot. 


the heart the torpedo guidance system, keeping the 
torpedo its assigned direction and search pattern, 
directional gyro designed and manufactured Aviation Electric. 


Aviation Electric’s diversified skills research, design, 
engineering and manufacture are helping solve problems 
wide range industries. Your enquiries are invited. 


AVIATION ELECTRIC 


200 Laurentian Montreal 


Branch Plant: Aviation Electric Pacific Limited, 
Vancouver Airport, Vancouver, B.C. 
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THE JOB HAND 


Extracts from the addresses delivered Mr. 
Masefield, President the Royal Aeronautical Society, 
and Mr. Littlewood, President the Institute 
the Aeronautical Sciences, the Dinner Toronto 
the 15th October, 1959, the close the Seventh 
Anglo-American Conference. 


Mr. Masefield 
think that all realize that this aeronautical 
business ours passing through period pro- 
found change. Great Britain have been struggling 
with these changes for couple years now. And 
know how difficult some the problems have been here 
Canada too not least Toronto. were all glad 
see much enterprise and activity going 
Havilland Downsview. But understand also the 
anxieties which must present. 

think that one the facts which struck particu- 
larly the United States was the cut-back which all 
the aircraft manufacturers are experiencing conven- 
tional airframes and air-breathing engines. And were 
very struck too the immense effort being put into 
space activities. must say, fact, that believe that 
there danger getting unbalanced. This “Space 
Business” terribly important but frightfully expensive. 
And there seems danger that will swallow 
almost all the available money for possibly ephemeral 
advantage, while many pressing aeronautical problems 
the earth’s atmosphere are going unsolved. 

For instance, takeoff and landing bad weather. 
little fog and snow will still throw airlines right off 
schedule skedule. We’ve seen automatic blind land- 
ing aids being worked but low priority for lack 
funds. have get these things into perspective. 
Then there’s the problem city-centre city-centre 
transport over relatively short distances. It’s the problem 
the economic and quiet vertical takeoff aeroplane. 
failed there far. Yet could revolutionize 
transport and provide immense fillip trade and 
prosperity. have keep sense perspective 
these things. 

Don’t get wrong space; quite certainly the 
unexpected will happen. shall find new possibilities 
and new opportunities which, yet, have not 
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even thought. is, think, parallel the situation 
which existed when Columbus set sail discover the 
unknown across the seas. And look what came that! 
know has been said later arrival that might 
have been better if, instead the Pilgrim Fathers landing 
Plymouth Rock, the Plymouth Rock had landed 
the Pilgrim Fathers. But still it’s turned out pretty 
well, really. But, clearly, the adventure into space 
less momentous and less heart chilling than that was 
500 years ago. are surely the eve new age 
discovery, and there may well important by- 
products from the space activities now progress. 

all this. Let not neglect the problems aeronautics 
for the prospects space. Just because the Russians are 
spending billions taking “peek” the backside 
the moon, there reason for mad about the 
same subject. somebody said the other evening, 
the Russians announced that they were going launch 
expedition Hell doubt try beat them 


Mr. Littlewood 
has been much talk depression the aviation 
industry Britain, the United States and 
here Canada. have spoken new fields en- 
deavour and still unsolved problems the old. Com- 
mon sense tells must not devote too much time 
these new and glamorous activities until solve some 
our old problems. Everything its time and right 
time for all things. would like point out few 
the partially solved problems particular branch 
the aviation business air transport. 

are not entirely happy, for instance, about the 
ground handling qualities any airplane have 
have seen. They are cumbersome. always liken air- 
plane the ground whale the beach; out 
its element! believe great deal can done 
reduce the costs and risks operation improving the 
ground handling qualities aircraft. This something 
which merits study even research and finally engi- 
neering application aircraft design. 

are about acquire greatly improved jet take- 
off and climb ability enhanced thrust-to-weight ratio 
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fan and bypass configurations. One thing that made 
the propeller airplane economically successful the 
was the great spread that was achieved between takeoff 
thrust capacity and METO and cruising ratings. That 
same thing coming about somewhat lesser extent 
jet engines the development logical fan 
bypass arrangements. need this spread reserve 
power for the takeoff and climb conditions take ad- 
vantage the efficiency that goes with the proper 
cruising configuration. There much work yet 
done improving the maximum thrust and cruising 
economy jet-type engines whatever the specific type 
may be. have not yet solved the reversal problems 
fan-type engines. 

also need more adequate airplane control charac- 
teristics flight and our takeoff and landing opera- 
tions. need more ability handle unusual flight and 
runway situations. These things are not adequately 
solved and, with many other engineering problems, 
can profit greatly going back research and 
development these areas. 

Easily controlled landings reasonable speeds are 
not well developed would like connection 
with our jet aircraft; this something that, even with 
fully adequate takeoff and climb reserve power, jet 
characteristic due the separation the power-thrust 
relationship from the lift and control the airplane; 
must tie these two together. This requires the de- 
_velopment and application boundary layer control 
some its many forms, starting first perhaps with jet 
flaps, and extending finally complete development 
fully usable high lift coefficients. Without getting too 
technical occasion like this, emphasize you that 
here real area for development. 

Noise the external noise problem not ade- 
quately solved. not reasonably solved with pure 
jets; not fully solved with fans. still not 
know the basic community acceptance noise annoy- 
ance. must extend scheduled operations throughout 
the day and night, and put more and more frequent 
operations into being are going have more and 
more community reaction. have not solved the noise 
problem. 

Economy something which can always im- 
proved. 

Without referring specifically details, there are 
always safety elements which can further improved. 

The whole cargo field open development and 
this feel can well the most gratifying and economi- 
cally rewarding area aviation operations. Mechaniza- 
tion cargo handling and looking upon cargo services 
systems problem from dock dock not strictly 
flight problem this development which lies 
before us, the solution which will most rewarding 
our business. 

The total airport and terminal problems are quite 
unsolved the problems getting from the center and 
suburbs the towns the airports, the interconnecting 
the airports and even the airlines. Helicopters, 
VTOL other devices may well play important part 
the over-all problem. And when you get the air- 
port, you still have whole series problems parking, 


ticketing, baggage handling and the ever-increasing dis- 
tances the airplanes. All these things add sub- 
stantial unsolved problems which must play part. 
Assured collision avoidance something which 
have not satisfactorily resolved. say “Let’s have 
adequate air traffic control and collision 
problem.” Even have the most adequate air 
traffic control, still will have lessened, but very 
real, collision problem. must prevent 
cannot tolerate them. The air traffic problem including 
collisions something that from beginning end still 
requires full solution. Look about you and you see 
nothing but opportunities more and more engi- 
neering, more research and development stimulate 
our business. 
And now may refer the entire airplane industry 
you must something get out the temporary 
depression which you find yourselves. You must re- 
orient your efforts. You must appreciate the existence 
the problems have mentioned and dozens more. You 
must retrench manageable size; and this what see 
all about me, the unwillingness companies who are 
now unsatisfactory 75,000-employee organizations be- 
come again efficient and effective 50,000-employee or- 
ganizations; why, don’t know. hear, “He isn’t 
going retrench, why should retrench?” But you have 
retrench because this business changing; 
longer have the great space requirements make what 
now becoming the most militarily significant area 
aviation activity, the missile field; your own plant you 
longer require the manpower; you longer can use 
the vast organization which was justified when you 
yourself made the much larger and very complex types 
aircraft; you must retrench justifiable, manage- 
able sizes. And would suggest you that you diversify 
whenever possible; that you find other things do; and 
that you retrieve, your own efforts and capacities, 
some the things you let get out your control. For 
instance, can remember when the aviation manufactur- 
ing industry probably did not have within its total scope 
the more than 100 contractors; now reaches into 
50,000 more everybody “in the act” 
use familiar phrase. think that some these things 
should brought back now, they have been the 
past, under the purview and control the prime manu- 
facturer and wishes readjust his business 
modern requirements. And submit that all must 
exercise more originality than have displayed. have 
always taken off, and will continue so, 
you Great Britain and you Canada for the origin- 
ality and ingenuity that has always been traditional. 
What you have done this respect highly commend- 
able. What saw today Havilland was fine 
example what one can with relatively inexpensive 
type test rig. suggest that with originality and 
imagination there question that you will resolve 
any doubts you may have about the aviation manufac- 
turing business and back again the prosperity field. 
let’s get it, realizing that there are many unsolved 
problems that only require rolling our sleeves and 
going work. 
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TRAJECTORIES OBJECTS 
EJECTED FROM AIRCRAFTt 


Korsak* 


Piasecki Aircraft Corporation 


SUMMARY 


method calculating the trajectories objects, such 
occupied seats capsules ejected from aircraft, presented 
provide preliminary analytical tool for the evaluation 
conditions required prevent collision the objects the 
tail the abandoned aircraft. Application the method 
limited ejections from aircraft flying high speeds. The 
method considers trajectories rocket propelled object ejected 
from aircraft flight any altitude, any 
pitch attitude with respect the horizon and experiencing any 
normal acceleration. 


The general case which requires solution means the 
step-by-step method means electronic computers, 
followed general solution the special case which the 
aerodynamic and rocket thrust coefficients are assumed 
constant. Aerodynamic properties ejected objects are discussed 
and graphs some available results wind-tunnel tests oc- 
cupied seats are presented. The theory followed 
calculation. 


INTRODUCTION 

the major considerations influencing the design 
many escape systems the possibility collision 

with the abandoned aircraft. the early stages design 

when test results are not yet available, desirable 

evaluate analytically the clearances with the aircraft 

the most critical cases ejection. Separate establish- 

ments concerned with escape problems have developed 

and are using their own methods 

However, there seems adequate literature the 

subject for general use. This paper attempt 

remedy the situation. 

The phenomenon ejection may described briefly 

follows: 

(1) Prior its complete separation from the aircraft, 
the object given initial velocity ejection. 

(2) After separation, the component this velocity 
normal the aircraft flight path continues send 
the object away from the aircraft. 

(3) the aircraft proceeds forward, the object nor- 
mally begins lag with respect the aircraft and 
short time after separation, passes above the 
aircraft tail. 

(4) many aircraft, the vertical tail surface located 
the plane symmetry and forms obstacle 
which may cause collision. 


29th January, 1959. This work was carried out during 
the author’s appointment with Avro Aircraft Limited. 
Chief Design Engineer 
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The shape the trajectory governed the 
motions both the aircraft and the ejected object; these 
motions turn depend the initial velocities separa- 
tion and forces acting after the separation. 

given escape system, the higher the aircraft equi- 
valent airspeed, the greater the probability collision 
with the hence, the method presented this 
paper uses simplifications based limitation this 
method only cases ejection high aircraft speeds 
compared with the velocity ejection. Since the 
early stages design the variation orientation the 
object with respect the airstream, well many 
other effects, usually known and, the circum- 
stances impossible seek exact answers, approxi- 
mation constant aerodynamic force and rocket thrust 
coefficients logical assumption. This particularly 
true for stabilized systems which changes orienta- 
tion are comparatively small and also the case 
ejection high aircraft speeds with appreciable for- 
ward rocket thrust acting the ejected object. these 
cases, the tail reached such short time that 
large changes Mach number can occur. Based tests 
performed similar escape systems, not difficult 
evaluate the effective values the coefficients used 
the equations for new system. 

When rocket used intermediate and lower 
speeds, the object may first fly upward and forward 
the aircraft and, after the rocket burn-out, gravity and 
aerodynamic forces may bring back into the aircraft. 
this case, the time reaching the tail long and 
the assumption constant coefficients naturally would 
lead appreciable errors. Hence, the method presented 
this paper not recommended used for such 
cases, the answers should sought solving the differ- 
ential equation the step-by-step method means 
electronic computers. This paper provides adequate 
material proceed with this type calculation. 


LIST SYMBOLS 
weight the aircraft 


angle pitch time separation, shown 
Figure 


aircraft forward speed time separation 
aircraft flight path radius, shown Figure 


aircraft centripetal force 
weight ejected object 
aircraft centripetal load factor 
aircraft normal load factor 
aircraft lift force 


acceleration due gravity 
time after separation 


angle aircraft rotation time shown 
Figure 

coordinates system affixed the aircraft, 
shown Figures and 


coordinates system affixed the space, 
shown Figures and 


coordinates auxiliary system XZ, shown 

Figure 

coordinates auxiliary system X,Z,, shown 

Figure 

origin coordinate systems and located 


the the ejected object the instant 
its separation from the aircraft, shown 


critical point the tail, shown Figure 

dimensions locating the aircraft coordinate 

dimensions locating the aircraft coordinate 

system x,2,, shown Figure 

dimensions locating point coordinate system 
xz, shown Figure 

dimensions locating point coordinate system 

velocity ejection the time separation, 


shown Figure 


system 

aircraft angle attack, shown Figure 

angle ejection coordinate system shown 
Figure 


drag coefficient ejected object 

lift coefficient ejected object 

reference frontal area ejected object 

area 

air density altitude ejection 

drag force ejected object, shown Figure 
lift force ejected object, shown Figure 
rocket thrust object, shown Figure 


rocket thrust tangential and 

normal the object trajectory 
angle the rocket thrust coordinate system 
angle the trajectory ejected object co- 
ordinate system shown Figure 

free fall ejected object, Eq. (36) 


3 


dynamic time, Eq. (37) 

non-dimensional time, Eq. (38) 

coordinate non-dimensional system super- 
imposed system xz, Eqs. (39) and (40) 

coefficients, Eqs. (45) and (46) 


velocity, Eqs. (49) and (50) 

angle attack occupied seat, shown 
Figure 

velocity occupied seat free flight 

moment coefficient occupied seat 

hump point versus curve, shown 
Figure 

natural logarithm 


EQUATIONS MOTION AIRCRAFT 

COORDINATE SYSTEM 

For the evaluation tail clearances, the trajectories 
the ejected objects must considered coordinate 
system affixed the aircraft. Using Newton’s laws 
motion, these trajectories may first established 
space coordinate system, shown later this paper, 
and then they may transferred into the aircraft co- 
ordinate system, shown below. 

high aircraft speed, the time which the object 
travels from the point separation point above the 
tail normally very short. Hence, may assumed 
that after separation, the aircraft proceeds undisturbed. 
This assumption implies, however, that the following 
effects are neglected: 
(a) acceleration aircraft along its path due possible 

unbalance forces time ejection, possible 
changes aerodynamic drag and engine thrust 
occurring after ejection, 

(b) change aircraft normal acceleration after ejection 
due reduction aircraft mass caused ejec- 
tion, change normal weight component due 
change aircraft path angle with respect the 
horizon, disturbance caused impulse ejection 
possible changes aerodynamic lift after ejec- 
tion, and 

(c) changes aircraft angle attack due disturb- 
ance caused impulse ejection, angular 
acceleration resulting from possible unbalance 
moments time ejection. 

Yawing and rolling motions the aircraft are nor- 
mally irrevelant the problem tail clearances and 
are not considered here. Figure the aircraft and 
the ejected object are shown two positions the 
instant separation and the time when the object 
reaches point above the tail. 

the instant separation (time 0), the aircraft 
path forms with the horizon angle Due centri- 
petal force, the aircraft moving steady velocity 


The centripetal force may expressed follows: 


(1) 
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Figure 
Correlation coordinate systems 


where the aircraft weight, and 
the aircraft centripetal load factor. 


Defining the aircraft normal load factor: 


N= 


(2) 


where the aircraft lift, can shown that: 
can also shown that: 


(4) 


where the acceleration due gravity. 


time when the object has reached point above 
the tail, the aircraft has rotated throughout angle 
can shown that this angle is: 


= 

Equations the trajectory ejected object will 

set coordinate system xz, affixed the air- 
craft. The origin this system chosen point 
where the the ejected object was the time 
separation. The axis parallel the aircraft path and 
its positive direction chosen face towards the tail. 
fixed space. space coordinates x,2,, trajectory 
the object assumed known, and the problem 
now confined transferring this trajectory into aircraft 
coordinates. The transfer will done using auxiliary co- 
ordinate systems X,Z, and XZ, both having the origin 
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the center rotation the aircraft, shown 
Figure 
Systems X,Z, and are related follows: 


(6) 
(7) 

Systems and X,Z, are related follows: 
(9) 

Systems and are related follows: 

(10) 
(11) 


Combining Eqs. (6), (7), (8) and (10): 


Combining Eqs. (6), (7), (9) and (11): 


When the angle rotation small, Eqs. (12) and 


(13) may simplified follows: 


2 
(15) 
Combining (4), (5), (14) and (15): 


Geometric relationships the aircraft coordinate 
system are shown Figure 


Figure 
Geometry escape system 


md 
Xo 
I, 


Coordinates aircraft (positive shown): 


(19) 
Coordinates critical point the tail: 

(20) 


Components ejection velocity time separa- 
tion: 


where the aircraft angle attack, and 
the angle ejection the object. 


HORIZONTAL 


Figure 
Geometry ejecied object space 


EQUATIONS MOTION SPACE 
COORDINATE SYSTEM 
separation (time the ejected object set 
free space. begins travel velocity, the magni- 
tude and direction which result from the vectorial 
sum the velocity ejection and the speed-of the 
aircraft separation. 
The trajectory the object depends its initial 
velocity space and forces acting during the free 
flight. time the object shown the coordinate 
system Figure This system the same that 
shown Figure The object may subjected the 
action the following forces: 
(a) aerodynamic drag 


where the drag coefficient, 
the reference frontal area the object, and 
the air density given altitude. 
(b) aerodynamic lift 


L=—D (25) 


where the lift coefficient. 
(c) the weight the object: 


(26) 
where the mass the object. 
(d) the component the rocket thrust tangential 
the trajectory: 
T = (27) 
where the tangential thrust coefficient, 
the thrust angle, shown Figure 


the angle trajectory, shown Figures 
and 


the component the rocket thrust normal 
the trajectory: 
where the normal thrust coefficient. 
Equations motion may written the following 
form: 
general, when the aerodynamic and rocket thrust 
coefficients vary with time and when the angle large, 


the solution Eqs. (29), (30) and (31) can found 


using the step-by-step calculation method means 
electronic computers. 


special case, however, which can assumed 


that the aerodynamic and rocket thrust coefficients are 
constant and that the angle sufficiently small 
neglected, these equations can solved shown below. 


this case Eqs. (29), (30) and (31) may replaced 
Combining Eqs. (24), (26), (27) and (32): 


and combining (25), (26), (28) and (33): 


Introducing the following 
(a) free fall velocity: 


(36) 


(b) dynamic time: 


bo 37 
(37) 
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(c) non-dimensional time: 


(38) 


(d) non-dimensional coordinates: 


(39) 
(e) non-dimensional velocities: 
dé 
(41) 
(f) non-dimensional accelerations: 
(g) acceleration coefficients: 


this time the velocities the object are: 

(47) 
(48) 
hence, the non-dimensional velocities are: 
U 


Uo 


(49) 


(50) 
where the tangential component, and 
the normal component the object velocity 
space. 
Using Eqs. (36) (46), Eqs. (34) and (35) may 
presented the non-dimensional form follows: 


— —— £8 = 52 
Integration Eq. (51) yields: 
(a) for 
(b) for 
n= 0 
= In(1 +%7) (54) 
January, 1960 


(c) for 


For the initial portion the trajectory: 
56) 
When the relation (56) true the point the 


trajectory above the aircraft tail, Eqs. (53), (54) and 
(55) may replaced single equation: 


Combining (51) and (52): 


(58) 


Integration Eq. (58) yields: 


METHOD CALCULATION 

was discussed earlier this paper, when the 
short time required reach the tail the aerodynamic 
and rocket thrust coefficients vary and when other ap- 
proximations are not acceptable, the trajectory can 
found using the step-by-step method calculation 
means electronic computers. Due space limita- 
tions this paper these methods will not described 
here detail. 

the special case constant coefficients and high 
aircraft speed with respect the velocity ejection 
(small angle the trajectory calculation may ar- 
ranged the following order: 

(1) Establish the following data pertaining the escape 
system: 

(a) dimensions, /,, and h,, and angles and 

(b) weight the ejected object, 

(c) rocket thrust 

(d) aircraft angle attack function the 
aircraft normal load factor and the altitude 
ejection, 

(e) velocity ejection function the air- 
craft normal load factor and 

(f) aerodynamic drag area and lift drag ratio 
function the Mach number and 
the rotational position the ejected object 
with respect its direction motion space. 

(2) Define the specific ejection case fixing the fol- 
lowing: 

(a) aircraft forward speed 

(b) altitude the ejection, 

(c) aircraft normal load factor 

(d) aircraft angle attack 

(e) air density 

(f) aircraft flight path pitch angle 

(g) velocity ejection and 


(h) aerodynamic drag area and lift drag ratio 


SCALE INCHES 


Figure 
Geometry typical occupied seat 


(3) Calculate the following: 

(a) coordinates the aircraft cg, using 
(18) and (19), 

(b) coordinates the critical point the tail, 
using Eqs. (20) and (21), 

(c) components the ejection velocity, using 
(22) and (23), 

(d) velocity the free fall the object, using 
(36), 

(e) dynamic time using Eq. (37), 

(f) rocket thrust coefficients using Eqs. (27) 
and (28), 

(g) acceleration coefficients using Eqs. (45) 
and (46), and 

(h) components the initial non-dimensional 
velocity the object, using Eqs. (49) and (50), 

Calculate coordinates the non-dimensional tra- 

jectory function the non-dimensional time 

using Eqs. (57) and (59). 


100 
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DRAG AREA ft. 


Figure 
Drag area typical occupied seat Mach 


(5) Calculate coordinates the dimensional trajec- 
tory function dimensional time using Eqs. 
(38), (39) and (40). 

(6) Calculate the centripetal load factor using Eq. (3). 

(7) Calculate coordinates the aircraft coordinate 
system function time using Eqs. (16) 
and (17). 

(8) Plot graph paper the trajectory f(x) and 
the coordinates the critical point the tail 
and measure the distance this point from the tra- 
jectory. Collision does not occur when this distance 
greater than the distance from the the object 
its lower extremity. 


AERODYNAMIC PROPERTIES EJECTED OBJECTS 

For given shape object, the aerodynamic proper- 
ties high speed may obtained from wind tunnel 
tests scaled down model the object. also 
possible evaluate these properties using trajectory data 
obtained from sled and other full scale ejection tests. 
blunt object has inherent static stability those 
positions with respect the airstream which its drag 
given speed its maximum. Normally there are 
two such positions, approximately 180° apart. 

order make use this static stability pre- 
venting the object from tumbling and rolling its free 


LIFT DRAG RATIO C,/C, 


100 
ANGLE 


Figure 
Lift drag coefficient typical occupied seat Mach 


flight, would necessary set the point 
separation one these positions without any rota- 
tional velocity and without misalignment the rocket 
thrust. Apart from the fact that owing highest drag 
these positions are the least desirable from the point 
view rapid deceleration, practice quite difficult 
fulfill the above requirements and, order prevent 
rotations, the object often equipped with special 
stabilizers. many non-stabilized escape systems, the 
objects rotate and such rotation considered 
acceptable, provided its velocity not excessive. 

For typical configuration occupied seat shown 
Figure the aerodynamic have been estab- 
lished means wind-tunnel for the speed range 
Mach Based these tests the speed 
Mach drag areas lift/drag ratios and pitch- 
ing moment coefficients function the occupied 
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seat angle attack, are shown Figures and 
respectively. The pitching moment coefficients are based 
reference area 5.05 ft, and reference length 
3.83 ft. 


interesting note that there are two stable 
positions, one which tends stabilize the seat pitch 

Let consider occupied seat having geometry 
similar that the test model. the pitch angle 
15°, the pitching moment negative; hence, the seat 
initially placed this angle will accelerate the “nose- 
down” direction until the stable position —25° has 
been reached. can observed that the negative area 
Figure just about equal the positive area 
would appear first sight that, before reaching the 
hump the seat entirely lose its rotational speed and 
will turn back towards the stable position How- 
ever, easy deduce that this will not happen. Since, 
rotates, the seat loses its forward speed, the dynamic 
pressure rapidly diminishes. Hence, for the same magni- 
tude the moment coefficients the positive moments 
will smaller than the negative ones and result the 
excess kinetic energy will drive the seat past the 
hump The seat will proceed tumble the nose- 
down direction, fluctuating rotational speed. 


Using data Figures and this motion may 
evaluated for given weight and moment inertia 
the seat and for given speed the aircraft during 
ejection. should noted that lower Mach numbers 
the moment coefficients are somewhat higher. 


practice, the tumbling motion may differ slightly 
from the one evaluated the basis Figures and 
due the effect yawing motion which often ac- 
companies the pitching. 


EXAMPLE 

Let consider example escape system 
which the seat has geometry sufficiently resembling the 
one used the tests. The seat used without rocket 
propulsion and not artificially stabilized the first 
phase its free flight under consideration. 


MOMENT COEFFICIENT 


ANGLE ATTACK 


Figure 


moment coefficient typical occupied seat 
Mach 
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Figure 


Example trajectory ejection pull-out altitude 
25,000 and speed Mach 


the particular case for which the tail clearance 
25,000 and speed Mach The aircraft normal 
load factor and the position horizontal. The 

can established that 0.001065 slugs/ft? and 
that 2032 fps. 

Calculations yield the following: ft, 
8.2 ft, 48.7 ft, 3.8 ft, 27.4 fps and 
75.2 fps. 

Based Figures and the average drag area 
the rotating seat estimated CpS and the 
average lift drag ratio —0.05. 

Further calculations indicate that 330 fps, 

Results calculations are shown Figure 
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COMPRESSIVELY STRESS-RELIEVED 


Smallman-Tew* 


Avro Aircraft Limited 


INTRODUCTION 


Avro CF-105 “Arrow” ton, supersonic, 
delta winged interceptor designed for the RCAF. 


The structure the CF-105 relatively conven- 
tional; however, the thin low aspect ratio delta con- 
figuration and the two engines buried the fuselage 
have introduced number interesting problems, par- 
ticularly the wing structure. The outer wing consists 
multi-spar, highly swept, box beam with heavy 
tapered skins and ribs running normal the 
main spars. The inner wing consists main torsion box 
containing spars, ribs running parallel the centre line 
the aircraft and machined skins with integral 
stiffeners connected posts; this box also integral 
fuel tank. 


The spars and ribs were originally designed 
produced components machined from hand forgings 
and from heavy plate 7075T6, particular reason for 
this choice being that the number aircraft ini- 
tially produced was insufficient justify the cost dies 
for die forgings. Although 7075T6 was the best available 
material use the time, were somewhat concerned 
with the fall-off mechanical properties the heavy 
sections and particularly the low elongation figures 
the short transverse direction. 


Present day high speed aircraft are longer designed 
satisfy static loading conditions alone, the modern de- 
sign case being based very largely considerations 
fatigue and dynamic loading. The literature full 
statements the direst consequences which are directed 
the designer who neglects use materials having 
reserve ductility with which combat fatigue dam- 
age. these grounds, 7075T6 aluminum alloy was not 
entirely suitable material for use these machined 
components, spite every effort made the de- 
signers take into account its adverse characteristics. 


X7079T65 

October 1954, the existence X7079, high 
strength aluminum forging alloy having mechanical 
properties similar those 7075 but sections having 
twice the thickness the latter alloy, together with 
greatly improved short transverse ductility, was an- 


paper was presented the American Society Metals 
the Western Metals Congress held March, 1959, and 
published with their permission. 

*Chief Metallurgist 


FORGINGSt 


x7079 
MAX +30 MAX: 
MN MAX: “10 - 
MECHANICAL 
7078 
THICKNESS 

CROSS LONGITUDINAL LONG SHORT 
75,000 78,000 72,000 

(MAXIMUM THICKNESS 
ELONG 
Figure 


Properties X7079T6 7075T6 


nounced. This material appeared the answer our 
problem (Figure 1). 


This information arrived crucial time as, although 
detail design was fairly well advanced, procurement was 
not and change material could contemplated 
for these components. Discussions with Alcoa the 
Cleveland forge plant took place; all available informa- 
tion the properties the new alloy was procured 
and the possibility using some these com- 
ponents particular was carefully gone into. June 
1955, decided ahead with X7079. 


Originally, all hand forgings X7079 were delivered 
plus tolerance about all faces and returned 
Cleveland for heat treatment, after which they were 
machined final dimensions our plant. This pro- 
cedure was modified after had obtained satisfactory 
results with the heat treatment the smaller com- 
ponents, only the large ones being sent Cleveland. 
Also during the summer 1955, Alcoa had been ex- 
perimenting with the stress relief compression hand 
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forgings X7079 and claimed that they had achieved 
considerable relief stress without causing any reduc- 
tion the guaranteed properties. Steps were taken 
early stage have small number hand forgings 
put into what was then called the T8E7 condition and 
compare their machinability and distortion characteris- 
tics with other similar forgings machined_in the con- 
dition. Results were satisfactory that changed 
this condition for all our hand forgings; T8E7 later be- 
came T8E13, then T65 and, according the latest in- 
formation from the Aluminum Association, has been 
changed again the T652 condition. 

Thus the majority the spars and ribs the wing 
structure, which were originally designed for manufac- 
ture from hand forgings, were changed com- 
pression stress-relieved X7079. 


RESIDUAL STRESS 

the above account the historical background 
our use X7079T65 hand forgings the Avro Arrow, 
reference made the stress-relieved condition the 
material; just what the significance this? 

Residual stresses, whose magnitude and directionality 
are not precisely known, can have marked effect the 
integrity component the aircraft structure. the 
manufacturing sense, residual stresses may not danger- 
ous but have high nuisance value, their release 
metal removal results distortion which very difficult 
control and adds very considerably the cost and 
time required for the production properly dimen- 
sioned part. the design sense, residual stresses are 
dangerous account their influence the fatigue 
life components service which are subjected 
fluctuating vibratory stresses; also they can one 
the ‘causes stress-corrosion failures. With knowl- 
edge the material properties, especially the fatigue 
limit and the loading conditions the part, the 
applied stress cycles can fairly accurately calculated 
and the life expectancy the part deduced. But 
given component contains residual stresses unknown 
magnitude, distribution and direction, markedly reducing 
the service life thereby, such calculations are invalid and 
protracted and costly operational trials become neces- 
sary. These tests, however, are sinecure unless they 
are conducted components which the worst com- 
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Figure 


Figure 


Figures and 
Stress-strain curves for plastically deformed material 


bination residual stresses known exist. There is, 
therefore, much gained controlling residual 
stresses that their intensity and location are known 
and their magnitude reduced acceptable limits. 


Stress relief 

The effective and widespread use 7075T6 heavy 
plate the stretcher levelled, stress-relieved condition 
for integrally stiffened wing skins shows the extent 
which the above points have been appreciated but, until 
recently, was not feasible apply this means stress 
relief forgings. 

the publication their investigations last year, 
Kleint showed how stress relief could ad- 
vantageously applied 7075 and 2014 aluminum alloys 
compressive deformation and gave quite lucid ex- 
planation the theory based stress relief stretch- 
ing. Although their illustration the principle stress 
relief mechanical strain perfectly correct, the ver- 
sions the curve shown Figures and may 
preferable they demonstrate what actually occurs 
under practical conditions, rather than the purely 
theoretical concept the case. 

given product, say bar (Figure 2), have two 
stress-strain curves identical slope and shape, suggest- 
ing uniform material and constant modulus; the one starts 
above the origin the ordinate, denoting residual 
tensile stress, the other starts below the origin, indicating 
residual compressive stress. load applied the 
bar, the strain throughout the cross section con- 
stant but the strain obtain equal permanent set not. 
When the yield point exceeded throughout the 
cross section the bar and, stresses and C,, 
strain equal achieved, the bar unloaded and 
springs back elastically that the portion the bar 
which originally had residual tensile stress now con- 
tains tensile stress T,, and that portion the bar 
originally the state compression now contains 
compressive stress the original total residual stress 
the plastic deformation. 

assume the material non-homogeneous 
and have different moduli tension and compression, 
can expect the stress-strain curves have different 
shape (as shown Figure 3); should also allow for 
some Bauschinger effect which would lower the yield 
point the originally compressed material and can 
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anticipate that this latter material would also exhibit 
some cold working leading higher ultimate. These 
factors could enter the picture and spoil perfectly 
satisfactory explanation the phenomenon resulting 
stress patterns quite different from that shown 
Figure Figure have assumed that the original 
residual stress was considerably reduced but not entirely 
eliminated. Figure can see that exactly the 
right amount strain applied, the residual stress can 
entirely eliminated; also that taken too far, 
residual stress changed sign can the result and with 
somewhat undesirable consequences, that, instead 
having the outer fibres under slight compressive stress, 
which preferable when fluctuating tensile stresses are 
applied, they now have residual tensile stress, which 
not all desired under similar conditions 
loading. 

recapitulate briefly the cause residual stresses 
high strength aluminum alloys. High strength pro- 
perties are developed certain compositions alumi- 
num alloys the taking hardening elements into solid 
solution temperature between 820°F and 920°F, and 
producing state super-saturation rapid cooling 
room temperature; partial precipitation sub-micro- 
scopic dispersion takes place when the alloy subse- 
quently aged, usually low 
treatment. the solution temperature, the alloy 
state stress-free equilibrium but, during the cooling 
cycle, severe thermal and volumetric differences are set 
between the surface layers and the core the 
material. the onset cooling, the outer surface 
chilled and tries contract but the latter resisted 
the core, which still hot; there results, therefore, some 
yielding the outer material and the setting 
tensile stresses the surface and compressive stresses 
the core. With further cooling, the situation reversed; 
the larger volume core material capable greater 
contraction than the surface and this leads the 
creation high tensile residual stresses the core with 
compressive residuals corresponding magnitude the 
outer surfaces. 

Attempts have been made, particularly the United 
Kingdom, reduce these high residuals varying the 
conditions heat treatment and slowing down the 
quenching rate but this has almost always been accom- 
panied unacceptable reduction mechanical pro- 
perties; thermal stress relief has fared better the 
temperature which the material had raised 
achieve the necessary plastic flow requirement 
stress relief effective was too high for worth- 
while mechanical properties retained. 

Plastic flow has been used for some time heavy 
plate achieve stress relief applying controlled 
stretch material when its residual stresses are 
maximum and its yield strength minimum, i.e. 
immediately after the quench, what term the ‘AQ’ 
condition the material; this end, stretch presses 
million pounds capacity are currently available. 
This satisfactory process for sheet, plate and ex- 
trusions but cannot applied the billets hand 
forgings from which machined parts are made. 


Experience with plate stretching has been extremely 
useful; not only has proved the theory stress relief 
plastic deformation but has also established the 
parameters within which successful operation the pro- 
cess must carried out. known that, effective, 
plastic deformation must exceed minimum amount and 
that this figure the order 1%. Now the object 
stress relieving obtain not only low residuals 
but also have them balanced the three principal 
directions stress, there would small gain 
machined component stayed flat the longitudinal 
direction but curled the transverse. Poisson’s ratio 
for aluminum alloys indicates that plastic de- 
formation desired the transverse direction, approxi- 
mately required the longitudinal direction; with 
this disparity permanent set the opposing senses, 
not surprising that find difference the 
residual stresses, after stress relief, component, when 
measuring them the longitudinal and the longitudinal 
transverse direction. have not carried out determina- 
tions the short transverse direction the mathematics 
became too involved, besides which, qualitative tests in- 
dicated that there was difference between the short 
and the long transverse behaviour. summarizing this 
requirement, therefore, can stated that after stress 
relief, residuals should practicable; they 
should evenly balanced the three directions 
stress possible and the stress pattern should flat 
and without peaks, the latter denoting uniformity the 
magnitude the residual stress such that, when cutting 
into stress field, the stress will nearly constant 
all depths. 

Relief residual stress mechanical compression 
follows the same laws those which control the stretch- 
ing method, only the application different. The degree 
compressive deformation that must applied 
achieve the desired relief residual stress can cal- 
culated from basic data, some which must deter- 
mined experimentally. Compression curves must ob- 
tained for the material the heat treated condition 
which will used practice, this latter being de- 
pendent the rate quenching and the time after 
quenching when the compression deformation carried 
out. The values the internal stresses present, after 
quenching, must determined for specific sizes hand 
forgings. Allowance must made for the fact that 
internal tensile stresses oppose deformation compres- 
sion, factor which influences the amount deforma- 
tion applied the hand forging whole. From the 
compression stress-strain curves, charts can drawn 
which the curves displaced the presence internal 
stresses can compared with the standard compression 
curves and the approach points the curves the 
plastic yielding zone can seen. Other factors which 
have considered concern the possibility edge 
cracking, which can result from excessive cold work 
from allowing natural ageing proceed too far after 
solution treatment; also that the Bauschinger effect caus- 
ing reduced longitudinal and long transverse yield and 
ultimate values will very likely apparent. 

The final stage our evaluation X7079T65 hand 
forgings consisted two concurrent investigations. 
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Whilst the Manufacturing Division were machining 
simulated and, some cases, actual parts and taking very 
careful measurements numerous stages during the 
machining operations, the Metallurgical Department car- 
ried out number residual stress determinations using 
the method Rosenthal and considered 
that matter how successful the Manufacturing Divi- 
sion might machining one size hand forging 
make particular part, required some means being 
able compare different batches hand forgings and 
from possibly other sources, and forecast their ex- 
pected performance. Although the Rosenthal and Nor- 
ton method somewhat tedious carry out, particu- 
larly the mathematics, found successful 
means obtaining the magnitude and the sense resi- 
dual stresses from variety shapes and sizes forged 
billets. More particularly, our forecasts were confirmed 
when Manufacturing reached the stage full produc- 
tion when faulty stress relief resulting distortion 
machining would have created serious hold-ups their 
schedules. 


The original Rosenthal and Norton method, which 
only applicable rectangular shapes not exceeding 
thickness, comprises firstly the application strain 
gauges selected areas plate the longitudinal and 
transverse directions, secondly the cutting out blocks 
from these areas and the splitting the blocks into half 
thickness slices, and thirdly the progressive removal 
material from these slices. From the strain gauge read- 
ings, figures for the residual stresses the three direc- 
tions can calculated. The method would adaptable 
rectangular shapes more than thickness, each 
splitting operation were followed the attachment 
additional strain gauges the cut faces, but this would 
tedious and somewhat complicated. 


SS 


Figure 
Forged block for residual stress determination 
(Rosenthal Norton method) 
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Figure 
Plots residual stress patterns X7079 


our adaptation the method (Figure take 
source apply strain gauges the outer faces; split and 
record the strain gauge readings; then continue re- 
move metal milling sawing half inch increments, 
taking the strain gauge readings each step until 
have only half-inch thick slice left. The readings are 
then calculated stress psi and plotted. Two such 
tests are carried out, one stress-relieved material and 
one block which has not been stress-relieved. For 
the latter condition, T6, find the residual stress 
7075 material within the range 30-35,000 psi and 
for X7079, 20-25,000 psi; for the latter material the 
T65 condition, find that the figure seldom exceeds 
5,000 psi the longitudinal direction, the long transverse 
being usually somewhat less. the plot drawn with 
compression uppermost, the diagram has the shape 
capital and the T65, capiial and almost 
flat across the base. Now the actual figures should not 
taken too seriously; not claim that they are 
accurate, any more than figures obtained other 
methods evaluating residual stress; but the point that 
the range stress the condition, 60-70,000 psi, 
compared with the range residual stress the 165 
condition, 0-10,000 psi, relief stress between about 
and 100% has been achieved and, what more 
important, hand forgings which have been stress-relieved 
this extent not distort machining matter how 
severely this may have been carried out. Figure shows 
plots the residual stress patterns X7079, after hot 
water quenching, cold water quenching followed sub 
zero cooling the normal and T65 conditions. 

did try find out the stress pattern and its 
magnitude the final half-inch slice using the X-ray 
back reflection method, but the figures showed consider- 
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able scatter and were difficult resolve. This method 
will determine the micro-stresses small sample, not 
the macro-stresses large sample, which latter 
mainly what are interested in. 


Figure 
Machining auxiliary spar 


contributing factor the decision use machined hand 
forgings was the cost die forgings; further reason 
was that several cases, Design had called for web 
thicknesses 0.10” with tolerances and that 
that time, was not practical die forge webs hav- 
ing thicknesses less than 3/16”. The following data 
having reference the auxiliary spar are interesting 
(Figure 6), these figures being based aircraft sets. 
the case the die forging, the die cost works out 
$2,380 per part, the forging cost $360 and the machin- 
ing cost $240, making total $2,980 per part. the 
case the hand forging, there die cost, each 
forging costs $1,279, machining costs amount $546 
and the total cost $1,825, which the cost 
the die forging and represents saving $1,155 
favour each hand forging. 

conclusion, Figures illustrate few ex- 
amples the hand forgings made compressively stress- 
relieved X7079 and the parts machined from them, which 
have been used the Avro Arrow. 
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Figure 
General view CF-105 structure 


Figure 


General view wing structure 
showing X7079 hand forgings 


Figure 


Main spar 
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Figure 
Auxiliary spar 
Figure 
Main u/c pivot fitting 


Figure Rib No. showing the difference between partly 
machined and T65 (T8E13) conditions 


Front spar 


AWARD 


The McCurdy Award will presented the Annual General Meeting which 
will held the 24th and 25th May, 1960. 


presented each year 
For Achievement design, manufacture maintenance related aeronautics. 


NOMINATIONS ARE INVITED 


Each nomination should include 
(a) The name and affiliation the nominee, 
(b) Confirmation that resident Canada, 


(c) citation the particular achievement for which the nomination being 
put forward, and 


(d) The name the nominator. 


The nominee need not member the and the achievement need not have 
taken place within the last year, though should recent. 


Nominations should the hands the Secretary not later than the 15th March, which 
date they will handed over the McCurdy Award Selection Committee. 
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THE INFLUENCE CAVITATION 
HYDROFOIL CRAFT 


Eames* 


Naval Research Establishment, Defence Research Board 


SUMMARY 


Once foilborne, hydrofoil craft resembles aircraft whose 
wings operate under water and basic aerodynamic concepts 
lifting surfaces are applicable. Water incurs additional problems, 
however, which result different design philosophy. Some 
these factors are briefly described, and apparent that new 
principles are introduced only the phenomenon cavitation. 
shown how cavitation dictates use different design 
techniques each three regimes, analogous some ways 
the subsonic, transonic (or high subsonic) and supersonic regimes 
aerodynamics. Methods predicting the inception cavita- 
tion are outlined and scaling problems discussed. 


The part played the Defence Research Board’s hydrofoil 
project the Naval Research Establishment indicated, together 
with brief historical notes and descriptions the Canadian craft. 


INTRODUCTION 
Development hydrofoil craft 

EMEMBERING that the team scientists responsible 

for the first Commonwealth flight was also respon- 
sible for the most notable early hydrofoil craft, 
comparison the current states development the 
two forms vehicle shows marked contrast. must 
also recalled, however, that the aircraft faced com- 
petitor its formative years, whereas the hydrofoil boat 
was merely another form surface vehicle and one 
which, that era technology, could not have shown 
economic advantages. For this reason the amount 
effort devoted the hydrofoil craft over the past half 
century hardly comparable the activity enjoyed 
aeronautics. 

Even the hydrofoil craft had been revolutionary 
nature the aircraft, very likely that its rate 
development would have been less spectacular, because 
its problems are inherently more complicated than those 
low speed aerodynamics. Hydrofoil craft remain per- 
haps the equivalent the biplane era, yet already 
they are borrowing techniques only developed when air- 
craft began approach the speed sound. When these 
technical difficulties are combined with the intense com- 
petition conventional marine transportation, easy 
see why serious consideration hydrofoil vessels has 
had await the development materials, powerplants 
and design techniques derived from advances aircraft 
and ship design over the past years. 


read the Annual General Meeting the 
Ingonish, N.S., the 16th June, 1959. 
*Defence Scientific Service Officer 


Figure 
boat that flies 


The successful design craft demands coordina- 
tion of, and compromise between, many branches the 
sciences naval architecture and aeronautical engi- 
neering. 

illustrate this matter compromise, can 
shown that the optimum arrangement hydrofoils for 
foilborne operation does not lead conventional hull. 
fact may call for hull form which has very poor 
characteristics low speed. therefore necessary 
decide, the outset any design study, whether the 
craft will required operate displacement vessel 
addition its foilborne activities. so, the com- 
promise towards naval architecture must more 
marked. This exemplified Figures and which 
are artist’s impressions craft resulting from design 


Figure 
aircraft that doesn’t 
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studies conducted for DRB Saunders-Roe Ltd., 
England. Both craft are virtually the same, but the one 
shown Figure has been developed boat, while 
that Figure basically modified aircraft. The latter 
would not suitable for cruising displacement 
condition, but could expected exhibit superior 
foilborne characteristics. 


Advantages hydrofoil craft 

far the most popular advantage attributed 
hydrofoil boat that, compared with displacement 
planing craft the same size and power, much higher 
speed may obtained. However, power requirements 
for hydrofoil craft are still high compared with slower, 
larger vessels and, apart from fast passenger ferry ser- 
vices and pleasure craft, much development will 
required before the hydrofoil boat can compete with 
the transport efficiency larger commercial craft. 


For naval purposes second advantage offered 
the hydrofoil principle far more important than its 
reduced drag, and that its seakeeping ability. well 
known that motor torpedo boats and similar planing 
craft World War II, though capable forty knots 
calm water, were forced reduce speed drastically 
the sea height exceeded two three feet. not 
possible design such hull withstand the pounding 
which would result driving forty knots heavy 
sea, not mention the effects such motion the 
crew and equipment. Thus the useful operational speed 
these boats bore little resemblance the maximum 
speed quoted the designers. One object hydrofoil 
craft development might produce boat the 
same general type but capable maintaining top speed 
under any sea condition, and this appears entirely feasible 
with the seakeeping characteristics attainable with 
hydrofoils. 


Apart from this ability maintain top speed the 
steadier platform presented the hydrofoil craft any 
speed important advantage its own, the design 
and operation weapons for example, and the well 
being the crew. This more important factor than 
often realized. 


Scope the paper 

clearly appropriate comment the early 
work Alexander Graham Bell and Baldwin, 
particularly the current Canadian research project 
hydrofoil craft stems directly from these historical roots. 
Such comments will deferred, however, until some 
the technical aspects hydrofoil craft design have 
been considered. The significance the Canadian con- 
tributions the art will then more readily apparent. 

the body the paper some the reasons why 
the design hydrofoil craft should involve more prob- 
lems than are inherent the equivalent subsonic aircraft 
are described. 

outline given the additional problems which 
arise when wing required operate under the sur- 
face the water, and these are summarized Table 
concluded that, although there are changes em- 
phasis and requirements for new techniques and modified 
theory, the only new principles are those which arise 
from the phenomenon cavitation. 
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TABLE 
The Main Differences 


(1) Density the Medium (a) Structural problems 
(b) Surface finish 


(2) Free Surface—Altitude Control (a) Incidence control 
(b) Area stabilization 


(3) Free Surface—Other Problems (a) Biplane effect 
(b) Wave drag’ 
(c) Ventilation 


(4) Rough Water Surface (a) Response waves 
(b) Orbital velocities 


(5) Cavitation (a) Speed regimes 
(b) Structural problems 
(c) Scaling problems 
(d) Size restrictions 


For this reason, and because excellent paper’ 
the “general survey” type remains fresh the mind, 
succeeding sections the present paper are devoted 
solely the influence cavitation hydrofoil craft 
design. Finally, the part played DRB’s hydrofoil pro- 
ject NRE, Dartmouth, N.S., outlined and some 
the current problems indicated. 


LIST SYMBOLS 

Lift coefficient hydrofoil (dimensionless) 

Vapour pressure sea water 

Froude number, based submergence 

(dimensionless) 

Acceleration due gravity 

Submergence depth hydrofoil (ft) 

Local pressure point hydrofoil 

Atmospheric pressure surface 

Static pressure hydrofoil 

Local velocity point hydrofoil (ft/sec) 

Velocity hydrofoil (ft/sec, unless specified 

knots) 

Cavitation speed hydrofoil (knots) 

Mean hydrofoil loading 

Thickness ratio (t/c) hydrofoil 

(dimensionless) 

Mass density sea water 

Cavitation number flow (dimensionless) 

Critical cavitation number hydrofoil 
(dimensionless) 


ar 


MAIN DIFFERENCES 


hydrofoil craft essentially aircraft whose 
wings operate under the water, and basic techniques 
subsonic aerodynamics may applied the design 
the hydrofoils themselves. There are important differ- 
ences however. 


Density the medium 

The most obvious one the difference densities 
the media which the foils work. The mass density 
sea water about compared with air 
0.00237 sec?/ft*, standard sea level conditions. This 
difference 840 times and compared with air 
realistic flying altitudes the factor 1000 more. Thus 
hydrofoil will support thousand times much weight 
the same size aerofoil travelling the same speed. 


FLOAT 


Figure 
Incidence control mechanism diagrammatic 


Hydrodynamically this presents new problems 
particular disadvantages and particular advantages, 
since drags are multiplied the same density factor. 
However, the structural engineer faced with wing 
loadings which may approach ton per square foot. 
will seen later, the hydrofoils and their supporting 
struts have small thickness/chord ratio, seldom 
greater than 10% and sometimes low 4%. This 
aggravates the problem. 

Another result the effective reduction scale 
the wings that the surface finish must ex- 
tremely high order, but again this matter degree 
and new principle involved. 


Free surface altitude control 

whole group problems arises from the second 
important difference, the existence free surface (or 
abrupt density change) relatively close the upper 
surface the hydrofoil. The most obvious problem 
that altitude control. 

The first thought, course, equip the craft with 
tail-plane and elevators and follow aircraft practice. The 
vertical limits within which the foils must constrained 
fly, never broaching the surface and never landing 
the hull, are too precise for manual control possible. 
There are some pleasure craft equipped, but inherent 
stabilization some form appears essential for all hydro- 
foil craft serious intent. 

There are two approaches and each gives rise 
different type boat. One can either cause the lift co- 
efficient vary with altitude one can change the 


immersed foil area. Alteration lift coefficient best 


accomplished varying the incidence the whole foil. 
simple mechanical rig devised Christopher Hook 
illustrates the principle, shown Figure 
The hydrofoil controlled linkage connected 
feeler and planing float. rest the foil set its 
maximum lift angle and the craft accelerates and rises 
relative the float the foil incidence decreased. Any 
deviations from the design water line caused changes 
speed result corresponding lift correction. Its 
operation waves similar. the float rises the 
face the wave, incidence increased causing the hull 
rise and lift similarly reduced the craft travels 
from crest trough. The Hook arrangement typical 
most incidence control systems but more refined 
methods have been developed obtain relative altitude 


signal and relay this information the foil. The im- 
portant advantage this system that inherently 
highly efficient. The foils are fully submerged all times 
and can reasonably high aspect ratio. 

The other method altitude stabilization the 
incidences are fixed but the foils are arranged that 
their submerged area varies with altitude, either the 
use large dihedral angles the ladder concept, 
both. modern ladder foil unit shown Figure 
Beyond takeoff speed the rungs the ladder start 
emerging from the water, thus reducing the effective foil 
area and so. limiting lift. For any speed there equi- 
librium water line where the weight the craft 
balanced the lift generated the remaining im- 
mersed foil area. this type boat the altitude 
“hull clearance” not constant but varies with speed. 

high speed, “reserve foil area” available above 
water which becomes effective immediately the foils 
enter the face the wave. Lift thus built which, 
that speed, can much three four times greater 
than the weight the craft. Even though there 
anticipation, the response sufficiently rapid because 
the high lift forces involved and the craft rises over the 
wave. the other side the wave, exactly the op- 
posite action takes place. surface-piercing system 
which relies upon dihedral alone, not generally pos- 
sible obtain large amount reserve lift with 
the ladder system because spans become impractically 
large. general therefore, the monoplane type inferior 
the multiplane regard seakeeping ability, but 
simpler and involves less drag. 


Figure 
Modern ladder foil unit 
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Figure 
Response hydrofoil craft waves 


Free surface other problems 

The free surface leads reflection phenomena ana- 
logous “ground effect” and “biplane effect” aero- 
dynamics. The effect the constant pressure surface 
complicated one, but most cases interest the 
influence the trailing vortex system the foil may 
considered conventional “biplane” effect, result- 
ing decreased lift curve slope and increased induced 
drag. There additional wave drag term, caused 
the influence the circulation round the foil the 
free surface. The effect this set wave pattern 
somewhat similar that associated with the hull 
ship. Energy has used maintain this wave system 
and this lost energy takes the form additional drag 
term and reduction lift curve slope. 

further problem “ventilation”. The pressure 
the upper surface foil, the side yawed 
strut, drops substantially below atmospheric pressure. 
such pressure field extends the water surface without 
obstruction, and low energy path exists 
separated boundary layer), air may drawn down the 
surface-piercing hydrofoil systems certain amount 
ventilation inevitable and techniques are required for 
controlling it. 


Rough water surface 

The effects discussed above are basically caused 
the existence the free surface, whether calm 
rough. Further problems stem from the fact that the free 
surface nearly always rough cases practical in- 
terest. The manner which the two basic methods 
altitude control respond waves has been indicated. 
would unsatisfactory, however, these worked 
exactly outlined. This would mean that the craft 
would track the contours all waves, and excessive ver- 
tical accelerations would result short seas. 

The potential advantage the hydrofoil craft that 
able ignore all waves significantly less height 
than the hull clearance and respond only the higher 
and longer waves which involve lower vertical accelera- 
tions. small waves, therefore, the system must 
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designed seek mean altitude and maintain re- 
gardless the surface contour. This known “plat- 
forming”. the other end the scale, large ocean 
swells, 100% response required and the craft must 
track perfectly and down the slopes. This known 
“contouring”. intermediate seas intermediate 
response desired, such that the hull just does not touch 
the crests and the foils just not broach the 
troughs. These ideas are clarified Figure 

There indication from recent study? the 
Grumman Aircraft Engineering Corporation that 
now possible consider hydrofoil craft sufficiently large 
platform all sea conditions. That say, the hull 
clearance these large craft almost great the 
height the highest waves encountered. For operation 
the North Atlantic the author believes that this will 
not feasible craft smaller than about 1,000 tons, 
because the practical difficulties associated with long 
strut lengths. 

The seakeeping problem further complicated 
the fact that water particles wave are moving 
their own near-circular orbits. These orbital velocities 
cause the effective angle attack change continu- 
ously the craft progresses across the wave system. 
head sea condition the variations work advantage, 
but following seas they result decreased lift the 
craft moves from trough crest and vice versa. 


Cavitation 

far the most important differences between hydro- 
foil and aerofoil operation result from cavitation. When 
hydrofoil reaches certain speed the pressure its 
upper surface falls below the vapour pressure water 
and the water then boils “cavitates” this low pres- 
sure zone. The bubbles “cavities” vapour form 
erratically and disturb the flow fluctuating manner, 
seriously affecting the lift and drag forces developed 
the foil and sometimes resulting instability. some 
ways the effect analogous the popular conception 
“sonic 

necessary the initial design stage determine 
whether the craft operate well below cavitation 
speed, the range where cavitation must suppressed, 
above cavitation speed, the whole basis the design 
differs accordingly. The problems inherent this will 
treated more detail succeeding sections this 
paper. 

There one bright note, however, which end 
this list differences. Cavitation implies that there 
definite hydrodynamic lift load which cannot ex- 
ceeded, usually well below the conventional stalling limit. 
This limits the accelerations which the craft may 
subjected. were not for this fact, the forces imposed 
hydrofoils under freak impact conditions severe 
seas would probably cause structural problem insur- 
mountable with present materials. rather ironic that 
the same phenomenon that causes such trouble and places 
such limitations the performance hydrofoil boat 
actually the mechanism that makes the conception 
true rough water craft feasible, providing fuse for 
the system and giving the structural designer realistic 
maximum load. 
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SUB-CAVITATION REGIME 
Cavitation low speed aerofoils 

Figure shows the pressure distribution the upper 
surface typical low speed aerofoil, terms the 
pressure coefficient. (Thus positive ordinates represent 
the amount which the normal static pressure re- 
duced.) the peak suction falls below vapour pressure, 
between the points and cavities will form the 
hydrofoil within the region CD. they are swept 
the flow into the zone higher pressure beyond 
they collapse. The cavity formation not steady. The 
extent the cavities changes the effective shape the 
foil, and hence the pressure distribution, and hence the 
size and shape the cavities, and hence the effective 
foil shape, and on. Once the cavitation has spread 
area results (a) serious reduction 
lift, usually fluctuating, (b) appreciable increase 
drag and (c) severe erosion and corrosion damage 
where the cavities collapse the foil. 


VAPOUR PRESSURE 


CAVITATION 


Figure 
Typical low speed section 


The effect the increase drag shown Figure 
which hypothetical plot total craft drag against 
speed. The dotted line indicates the drag similar 
craft not fitted with hydrofoils. The foils cause gradual 
decrease the hull unloaded until takeoff reached. 
This followed significant drop and the drag 
should then increase very slowly. The curve shown 
typical results obtained with particular boat and 
this case there was marked increase drag starting 
the speed where cavitation was first observed the foils. 

Consider detail the sequence events when cavi- 
tation occurs typical low speed aerofoil section. 
There loss lift which causes the foil drop. 
With increasing submergence the static pressure rises 
having the effect raising the line Figure 
However, the vertical velocity increases the effective 
angle attack resulting higher peak suctions which 
tend cancel this effect. 

the case incidence controlled craft the sub- 
mergence calls for more angle attack which aggravates 
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the situation and cavitation spreads over larger fraction 


the chord. The effect similar that stalling 
aircraft and not possible drive this type craft 
significantly beyond cavitation speed. 

area-stabilized systems, the foil submerges due 
loss lift, additional foil area comes into play. This 
results decreased loading and increases the upper 
surface pressures. equilibrium position reached and 
the foil stops falling. With vertical velocity the effec- 
tive angle attack returns normal and cavitation 
suppressed. Now, however, more foil area submerged 
than required under non-cavitating conditions and the 
craft rises rapidly out the water. The process can then 
repeat. calm water this may result severe heave 
and, since the forward and stern hydrofoils 
will seldom commence such cycle phase, pitching 
oscillation may also involved. This may lead in- 
stability. Figure diagrammatically illustrates the cycle 
events resulting from cavitation. 


Application low speed aerofoils 

Provided care taken use reasonable lift coeffi- 
cients and thickness ratios, conventional low speed aero- 
foils may used speed about knots. This 
generally taken the upper limit the sub- 
cavitation regime. Within this regime fundamental 
hydrodynamic problems exist and enough information 
now available enable naval architect design 
hydrofoil craft, using conventional aerodynamic methods 
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Cavitation induced oscillation area stabilized foil 
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Figure 
Typical cavitation-delaying section 


and applying correction factors where appropriate. 
There remain many practical problems, but these will 
function the particular craft being studied. 

these lower speeds structural problems are not 
severe and reasonable aspect ratio monoplane foils can 
used advantage. Incidence control, therefore, appears 
offer the best solution for the sub-cavitation regime, 
except possibly for extreme sea conditions, cases 
where its engineering complexity can not justified 
grounds increased efficiency. 


DELAYED-CAVITATION REGIME 
Use high subsonic aerofoils 

required design for speeds significantly 
excess knots possible delay the onset 
cavitation careful selection hydrofoil sections. Re- 
ferring Figure the same area under the pressure 
distribution diagram should retained, since this 
measure the lift coefficient, but the peak suction must 
minimized. The ideal case obviously that uni- 
form pressure distribution. This would provide the high- 
est cavitation speed for given lift coefficient and any 
reduction the suction ordinates implies decreased 
lift coefficient. Figure shows this type section. 

For similar reason aerofoil designed have 
high critical Mach number requires the same type 
pressure distribution. There actually unique relation 
between the critical cavitation number hydrofoil and 
the critical Mach number aerofoil. Both are simply 
functions the minimum pressure coefficient. Thus 
aerofoils for high subsonic speeds may used for 
hydrofoils designed delay the onset cavitation. 


Hydrofoil requirements 

The case the hydrofoil boat little different 
that the aircraft. There are many suitable standard 
aerofoil sections having near-uniform distribution one 
particular angle attack. Most such sections, however, 
develop high suction peaks other angles attack. 
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hydrofoil boat rough water has its angle attack 
continuously changing due trim and heave response 
and orbital velocities the wave. Unless the local suc- 
tion peaks are narrow that the cavity does not have 
time grow significant size before being swept into 
zone high pressure, this sort section not satis- 
factory. 

Figure shows plot cavitation speed against 
angle attack typical high subsonic aerofoils. 
avoid cavitation, the foil must operated within the 
central area and the range angle attack over which 
high cavitation speed realized very small. char- 
acteristic more like the dotted line required. 

using uniform pressure sections, cavitation speeds 
knots should possible and the 40-60 knot 
range often known the delayed-cavitation regime. 
accepting very low lift coefficients and high angles 
sweep, possible extend this regime even 
higher speeds but there some controversy 
whether such foils will prove practicable large opera- 
tional craft. 


Application high subsonic aerofoils 

This 40-60 knot speed range the one which NRE 
interested and all foils used recent years have been 
this type. very thin section necessary and this 
leads severe structural problems. The designer 
forced restrict the aspect ratio, and the ladder 
multiplane system becomes logical choice. has the 
disadvantage high drag, due surface piercing com- 
ponents, but has inherently good seakeeping characteris- 
tics and can cater for wide range foilborne speeds. 

far has not proved practical use cavitation- 
delaying foils incidence controlled systems. Because 
the rapid response required, control rod loads become 
prohibitive unless the centre pressure the hydrofoil 
positioned very close the hinge. Sections having 
good cavitation characteristics generally show large 
movements the centre pressure with changing angle 
attack and are therefore unsatisfactory for this ap- 
plication. Conversely, sections which have minimum 
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centre pressure travel tend show poor cavitation 
characteristics. Similarly, flapped controls lead un- 
favourable pressure distributions and there are serious 
mechanical problems involved transmitting the re- 
quired loads within the confines the thin foil and strut 
structure. 


PREDICTION CAVITATION 
Cavitation numbers 

will realized that the suggested boundary speeds 
and knots are only indication. The speed 
cavitation inception depends upon the particular charac- 
teristics the design, and predicting this speed 
matter great importance. necessary form some 
parameter, characteristic the flow conditions, which 
will measure the tendency the flow cavitate. This 
function called the cavitation number the flow and 
the particular hydrofoil considered, the value which 
can reached the flow before cavitation ensues. This 
will vary with lift coefficient and called the critical 
number, o,. Thus function the flow conditions 
only, function the foil characteristics only, and 
cavitation occurs when less than 
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Figure 
Definition pressures and velocities 


Consider two-dimensional hydrofoil depth 
travelling speed shown Figure 11. Suppose that 
some point the surface the foil, the local pressure 
and the local velocity Applying Bernouilli’s equa- 
tion between this point and point infinity the 
same level, 


where atmospheric pressure and the mass density 
seawater. 
This can rewritten: 


When the local pressure drops the value the 
vapour pressure this expression defines the condition 
for cavitation the particular point the foil. The left 
hand side, with replaced defined the cavita- 
tion number and will seen that function 
flow conditions only. 

The critical point the foil clearly where v/V 
maximum, and the critical cavitation number 
simply the right hand side the equation evaluated 
this maximum velocity point. This independent the 
flow and function only the hydrofoil charac- 
teristics. 


SECTIONS 
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Figure 
Cavitation buckets for some NACA foil sections 


Bucket diagrams 

Aeronautical data v/V values for the section, 
e.g. from Reference (3), enable curve 
Figure 12, and this non-dimensional form generally 
adopted preference cavitation speed diagrams such 
Figure 10. “bucket” diagrams may alter- 
natively obtained from critical Mach number data for 
aerofoils, using the relation between critical Mach num- 
ber and pressure coefficient given Reference (3), 
which results the curve shown Figure 13. 

Figure several sections are compared. One 
NACA 4412 which typical low speed aerofoils and 
clearly not suitable for high speed hydrofoil craft be- 
cause its high values Three members the 
NACA series, 16-106, 16-206 and 16-306 provide ex- 
amples high subsonic aerofoils and show how small 
range lift coefficient available for cavitation-free 
operation high speeds. section proposed for use 
hydrofoil shown dotted and indicates the main ob- 
jective cavitation-delaying hydrofoil design. Unfor- 
tunately, there some doubt whether wide lift 
coefficient range attained practice. 

While marked changes the shape these “buckets” 


_result from small variations section shape, possible 


obtain rough idea the cavitation limits before the 
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Figure 
Relation between critical Mach and cavitation numbers 
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Figure 
Cavitation buckets for some ogival foil sections 


sections have been defined. For example, found that 
very few sections show buckets which fall significantly 
below the line given This demonstrated 
Figure which presents experimental data obtained 
Walchner* for family ogives, section shape 
which close the optimum for use hydrofoils. 
found that such families tend collapse onto single 
base line the coordinates the diagram are divided 
the thickness ratio the sections. Figure shows 
plot against for the same ogival family, 
where the thickness ratio (t/c). 


Loading and speed criteria 
Based these approximate ideas, simple criteria can 
stated for maximum foil loading and speed avoid 
cavitation. For example, combining the definitions lift 
coefficient and cavitation number: 
that the hydrofoil loading is: 
which, for seawater under normal conditions approxi- 
mately: 
The maximum value can obtained from 
the diagram for the section, if, for pre- 
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Figure 
Cavitation buckets for ogival sections (collapsed form) 
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relations for particular strut sections Figure’ 16. 


liminary assessment, the maximum value 


shown Figure accepted, then the maximum wing 
loading simply: 


The depth often neglected for surface-piercing foils 
and round figure ton per square foot gives good 
idea the maximum loading. 


section particular interest the ogive, because 
its simple shape and near-optimum characteristics. 
Walchner* has investigated its cavitation characteristics 
theoretically, and for thin sections determines the 
minimum critical cavitation number the form: 


This relation plotted Figure and shows reasonable 
agreement with the experimental results. 
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Figure 
Cavitation speed symmetrical struts 


This expression leads maximum wing loading 
given by: 


For infinitely thin hydrofoil therefore, the maximum 
loading zero submergence the order 
3000 have been recorded two-dimensional tests, 
and this generally regarded the absolute limit. How- 
ever, tests hydrofoils practical aspect ratio and 
thickness give limiting values about 2000 


Considering zero depth immersion, cavitation 
speed and critical cavitation number are related by: 


knots 


Using Walchner’s formula clear that cavitation 
speed will maximum for symmetrical section and 
that this will limited Hence, for strut 
sections: 

knots 


This approximation compared with more accurate 
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TABLE 
Approximate Load and Speed Criteria 


Foil Loading ft?) 
Approx. Max.: 2080 64.h 


Surface Cavitation Speed (knots) 
For foils Generally 


For struts (z2ro yaw) 


Three-dimensional effects 


These approximate formulae, summarized Table 
are substitute for characteristics the par- 
ticular hydrofoil section being considered and even these 
have their limitations. This because all such informa- 
tion strictly two-dimensional. practice, just finite 
aspect ratio, end-struts, sweep, surface proximity, cascade 
and other three-dimensional effects modify the lift and 
drag coefficients the hydrofoil, they change its 
critical cavitation number. 

Past design practice has been based calculating the 
final corrected lift coefficient for the particular hydro- 
foil geometry and applying two-dimensional 
data determine the critical cavitation number appro- 
priate this operating lift coefficient. This tantamount 
assuming that the various three-dimensional effects 
modify the lift coefficient, all chordwise ordinates the 
pressure distribution are modified proportion, in- 
dicated Figure 17, line This not true general. 
Many these effects also cause distortion the 
pressure distribution the suction peak may not 
reduced proportion the lift coefficient. fact, 
may increased, shown line Figure 17. 

this case the two-dimensional diagram 
help, and cavitation will occur much earlier than 
predicted the elementary method. 


Unfortunately, many the techniques developed for 
correcting lift and drag coefficients for surface proximity 
and other effects are based vortex line theory and, 
therefore, shed light the chordwise distribution 
the corrections. The accurate prediction cavitation 
inception hydrofoil units practical geometry 
topic requiring considerable, further study. 

While the subject three-dimensional effects, 
mention should made sweep. Its use can result 
increased cavitation speed, for the same reason that 
raises the critical Mach number wing. difficulty 
that high sweeps are needed provide worthwhile 
gains and these lead weight penalties and the danger 
vortex cavitation. the other hand any three- 
dimensional effect which decreases the effective lift 
curve slope the hydrofoil unit, does sweep, tends 
ease the problem obtaining adequate cavitation-free 
range lift coefficient for rough water operation. 
Clearly reduced lift curve slope means that greater 
variation angle attack associated with given 
range lift coefficient. 


SCALING PROBLEMS 
Cavitation scaling 


Because these shortcomings present tech- 
niques for cavitation-delaying hydrofoil systems, much 
recourse made model experiments. Here again diffi- 
culties are encountered. 

represent free-surface effects correctly, neces- 
sary run models the same Froude number the 
full scale craft (following the law dynamic similarity 
with constant density and gravitational acceleration). 
the first place this means that the Reynolds numbers 
model and full scale craft may significantly different. 
general, however, sufficient known Reynolds 
number effects permit reliable corrections ap- 
plied the results. Only cases where separation may 
important factor would this cause any concern. 

far more serious problem the fact that cavitation 
phenomena not obey Froude scaling. For geometri- 
cally similar models, (v/V) will identical that the 
critical cavitation number the same for model and full 
scale craft. For identical conditions cavitation incep- 
tion, therefore, the flow cavitation number must also 
constant. 


The definition can split into terms which 
depend on, and are independent of, depth thus: 


Assuming that tests are conducted the same media, 
air and water, the first term can only remain independent 
scale the same speed used for model and full 
scale craft. true that the second term simple 
function Froude number, and thus obeys the same 
scaling law other gravity-dependent factors, such 
surface wave effects. Unfortunately, seconda 
term for foils operating shallow depths and, fact, 
may often neglected. 

Hence necessary operate models the 
same speed the full sized craft simulate cavitation 
phenomena, while dynamic similarity and surface effects 


Figure 
Distortion pressure distribution 
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Figure 
Typical growth foil unit size with all-up-weight 


require the model speed proportional the square 
root the linear scale. 

satisfy both requirements reduced scale 
necessary decrease the ambient pressure such that 
(pa proportional the linear scale. variable 
pressure water tunnel, often called cavitation tunnel, 
can used for this purpose but, unfortunately, facilities 
this type having satisfactory free water surface 
are rare. 


Square-cube law 


While discussing the subject scaling, appro- 
priate point out the fundamental difficulty involved 
large hydrofoil vessels. Because the close restrictions 
imposed cavitation problems, speed must main- 
tained effectively constant particular design scaled 
for application larger craft. The so-called “square- 
cube” law therefore encountered. The weight 
craft proportional the cube linear dimension, 
assuming constant density, whereas the lift foil 
constant speed proportional only the square 
linear dimension. Thus the size foil required sup- 
port the craft rapidly outgrows the hull the scale 
the craft increases. 


This means that the fraction the all-up-weight 
devoted foils and their supporting structure increases 
with size craft and the percentage weight available for 
fuel and payload decreases. give idea the orders 
magnitude involved, Figure shows the percentage 
foil weight plotted against all-up-weight, based ap- 
proximate calculation minimum weight ladder hydro- 
foil units with design speed about knots. order 
retain reasonable payload and endurance maximum 
foil weight the order 15% the all-up-weight 
appears appropriate but, course, such figures 
depend the mission and design the particular 
vehicle. clear, however, that 10,000 ton craft will 
not designed with this type foil unit and present 
materials. This curve demonstrates the importance 
minimizing foil sizes and, hence, designing for the highest 
lift coefficient consistent with cavitation requirements. 

does not require too rapid increase speed 
offset this disproportionate growth hydrofoil units. 
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If, craft size increases, the design speed allowed 
rise proportional the sixth root the all-up-weight, 
the foils will remain geometrically similar for constant 
design lift coefficient. The development super-venti- 
lating foils therefore, discussed the following 
section, offers new potential this regard, provided that 
proves possible design for the increased loadings and 
higher takeoff speeds (or increased range foilborne 
speeds) involved this solution. 

Reference Figure will clarify why the difficulty 
more acute for hydrofoil craft than for slow speed 
aircraft. foils are kept geometrically similar 
size increases, the foil loading must increase propor- 
tion the cube root the all-up-weight. That 
say, the ratio must increase proportion linear 
dimension. But Figure shows that limited 
would not subject similar limitation until near 
sonic velocities were contemplated. 


SUPER-CAVITATION AND SUPER-VENTILATION 
Super-cavitating foils 


Theoretically, the cavitation speed hydrofoil can 
made high desired reducing the thickness 
ratio and the lift coefficient. practice, structural and 
weight problems limit these reductions and, while various 
designers have different ideas where the exact 
limit lies, excessive speeds are required the design 
philosophy must completely reversed and cavitation 

The object the design super-cavitating foil 
obtain thin, low-drag, steady cavity which does 
not collapse until well downstream from the trailing 
edge. Recent theoretical work and has 
led the development such hydrofoils. 


They are based the fact that the boundary layer 
body separated, the eddying fluid the separated 
region can replaced continuous flow lighter 
fluid. Flows very low cavitation numbers which are 
caused separate the sharp edges appropriate 
hydrofoil section behave this way, the lighter fluid 
being, course, vapour. this type flow the cavity 
steady and not confined the chord the foil 
but may extend several chord lengths down the wake. 
then said super-cavitating; typical section 
this type shown Figure 19. Theoretically, for 
zero cavitation number the cavity extends infinitely far 
downstream, and this case that has been most ex- 
tensively studied, since imposes fewer mathematical 
complications than cases finite length cavities. 

Only the leading edge and the contour the lower 
surface the foil have any 


Figure 
Super-cavitating hydrofoil diagrammatic 
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Figure 
Super-cavitating propeller R-100 


ficance under design conditions. They determine the 
shape the cavity and, hence, the force characteristics 
the section. The upper surface can any shape 
within the confines the cavity and, since optimum 
forms are thin for the loading they have withstand, 
the cavity often nearly filled with material, resulting 
the wedge shape shown igure 19. There nothing 
hydrodynamically significant about the blunt trailing 
edge, the only requirement being that its bottom edge 
sharp. 

Super-cavitating foils develop the majority their 
lift from positive pressures the lower surface and 
optimum forms result when the pressure distribution 
concentrated far towards the trailing edge possible. 
This will tend alleviate structural difficulties associated 
with the necessary knife-edged nose but problems are 
still anticipated this regard. While wedge-shape 
offers structural advantages naturally results high 
drag low speeds before the super-cavitating flow has 
been established. 


Applications 

section designed the basis this theory was 
first put practical use propeller, designed the 
David Taylor Model Basin, Washington’, and tested 
NRE, Halifax, the R-100 craft. The characteristic 
blunt trailing edges are apparent Figure 20. The pro- 
peller gave results which agreed with theoretical per- 
formance predictions within 5%. 

super-cavitating section has yet used 
lifting surface for hydrofoil boat. There are two prac- 
tical reasons why this particular mode operation has 
not been attempted: 

(a) speed about knots required maintain 
steady vapour cavity and much work remains 
done before this becomes accepted accomplishment, 
except for small craft which are not concerned with foil 
weights and can adopt very low lift coefficients 
advantage. 


(b) rough sea operation, control ventilation 
serious problem and current methods involving the 
use “fences” could not protect cavities significantly 
beyond the trailing edge the foil. The effect 
stability having the pressure the foil cavity sud- 
denly changed from vapour pressure about 
atmospheric pressure at, say, 2116 would clearly 
undesirable one. 


However, these problems can overcome 
logical extension the “if you can’t beat it, join it” 
philosophy and again credit must the aeronautical 
world for demonstrating the feasibility the modified 
concept. 


one the ship world had been particularly con- 
cerned with immediate application the super-cavitat- 
ing foil except for propulsion, because current hydrofoil 
craft applications did not call for speeds excess 
knots. has long been recognized that hydrofoils 
could play useful role improving the landing and 
takeoff characteristics water-based aircraft, particu- 
larly rough water. However, conventional hydrofoils 
are Clearly impractical for modern takeoff speeds because 
cavitation and ventilation limits. therefore not 
surprising that development the super-cavitating foil 
led renewed interest the application hydrofoils 
aircraft. one respect the problem simpler than for 
the ship because sufficient acceleration normally avail- 
able reach the required super-cavitating speed 
very short time and the increased drag lower speeds 
less problem. Similarly, any tendencies in- 
stability while the cavity developing should passed 
through quickly and the aerodynamic surfaces provide 
additional damping not available boat. 


The problem ventilation, the other hand, has 
faced both types craft, and Johnson the 
NACA (NASA) has recently reported 


Super-ventilating foils 

The solution based the idea encouraging 
ventilation rather than preventing it. The cavity always 
maintained atmospheric pressure, rather than vapour 
pressure, and lift developed positive pressures 
the lower surface only. this respect, the super-venti- 
lating foil simply planing surface very high 
efficiency, but since effectively cuts its own free sur- 
face not subject the normal rough water limita- 
tions planing. 

When running close the surface the “cavity” 
open the atmosphere, indicated Figure 21, the 
flow over the top breaking into spray. deeper sub- 
mergences the cavity closes, but once established tends 
self-maintained, air feeding down the trailing vor- 
tices illustrated Figure 22. (In the case surface- 
piercing dihedral foil, course, air would also bleed 
down the foil spanwise direction.) 


Figure 
Super-ventilating foil near surface 
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Figure 
Super-ventilating foil deeply submerged 


Returning the super-cavitating foil (Figure 19), 
that say foil running with vapour-filled cavity, 
will recalled that the length and shape the cavity 
determined the cavitation number: 


where gph, the static pressure the foil, and 
vapour pressure, the pressure within the cavity. 

super-ventilating foil behaves exactly the same 
way that super-cavitating foil would, operating 
liquid which had vapour pressure equal atmospheric 
pressure. That say, the equivalent cavitation num 
ber for super-ventilating foil is: 


(Po pV? 


o 


or, 


_where the Froude number, based depth sub- 
mergence. 


Several implications emerge from this and ap- 
parent that the concept super-ventilating foil has 
done more than solve the ventilation problem. 


Implications 

the first place clear that raising the cavity 
pressure has reduced the cavitation number appropriate 
given speed. Indeed small depths submergence 
the cavitation number negligible, regardless the 
speed, and the theory developed for cavities extending 
infinity can applied without correction. (Reference 
Figure suggests that this reasonable approxi- 
mation the physical facts.) This reduction cavita- 
tion number implies that stable and extensive cavities can 
exist far lower speeds, provided adequate supply 
air available. Thus the hydrofoil craft designer 
now offered choice speed which should con- 
template changing from non-cavitating super-venti- 
lating operation. may prefer, grounds effi- 
ciency, delay cavitation the limit, but may 
equally feasible for him disregard the delayed cavita- 
tion regime entirely and switch directly from sub-cavita- 
tion super-ventilation about knots. Much more 
work needs done the super-ventilating foil 
before such decisions can made with confidence. 


The current situation that two-dimensional theories 
are well established and confirmed experiment. The 
effects depth submergence and aspect ratio have 
received adequate treatment for design purposes, but 
further work required other three-dimensional 
effects. actual operating experience has been obtained 
and little known practical problems such ensuring 
adequate supply air deeply submerged foil, 
structural hydro-elastic difficulties associated with the 
fine leading edges and on. 
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There good chance, however, that much the 
required knowledge will come rapidly. Model testing 
super-ventilating foils should greatly facilitated the 
fact that the cavitation number appropriate air-filled 
cavities function Froude number. The serious 
scaling problem associated with vapour cavitation does 
not arise. 


The lift/drag ratio super-ventilating foil low 
aeronautical standards. concludes that the 
highest L/D that can obtained using hydrofoil sup- 
ported single strut depth one chord more 
about 10. Nevertheless this considerably better than 
obtained from badly cavitating conventional foil and, 
compared with the cavitation-delaying concept, super- 
ventilation offers possibilities higher lift coefficients. 
The “square-cube” law may longer rigidly ap- 
plicable. Moreover, there the potential very much 
higher speeds these are required. There doubt 
the superior efficiency the cavitation-delaying foil, 
provided its range satisfactory and 
cavitation suppressed under rough sea conditions. 


There may similar problem sensitivity angle 
attack associated with super-ventilating foils. certain 
minimum angle required generate the stable cavity, 
while the lift/drag ratio falls quite rapidly this angle 
exceeded. may therefore that the allowable range 
practical design. 


proper appreciation the relative merits the 
cavitation-delaying and super-ventilating systems un- 
likely available until considerable operating experi- 
ence has been obtained with different configurations 
under rough sea conditions. 


CANADIAN HYDROFOIL PROJECT 


Historical roots 

The current hydrofoil research project the De- 
fence Research Board could regarded continua- 
tion the early work performed Alexander Graham 
Bell and Baldwin Baddeck, N.S. This team 
designed and constructed number experimental 
“Hydro-Dromes”, they were known, but far the 


Figure 
Bell-Baldwin HD-4 (1919) 
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most well known was the shown Figure 23, 
which was built 1918. This boat was undoubtedly the 
most successful the early hydrofoil craft and even 
today its achievements are remarkable. 

Powered two Liberty engines about 400 hp, 
each driving pusher airscrews, said have reached 
top speed 61.5 knots all-up-weight 11,000 
during trials the Bras d’Or Lakes 1919, setting 
new water speed record. The foil sections were de- 
veloped empirically Baldwin and were claimed 
have given maximum lift/drag ratio eight knots. 

knots the lift/drag ratio was about four, which 
suggests that severe cavitation was occurring. Examina- 
tion the foil sections indicates that this would so, 
while there have been reports that the craft had tend- 
ency “porpoise” high speed. similar type 
longitudinal instability was experienced with first 
craft, the R-100, when was originally equipped with 
Baldwin foils and the cause this was traced 
cavitation. 


Nevertheless there doubt that the HD-4 was 


magnificent achievement for its day and the full poten- 
tialities the Bell-Baldwin hydrofoil system 
are yet realized. comprehensive account the 
history hydrofoil craft has recently been given 
and the reader referred this for further 
details the early work. 


Objectives 

The original objective DRB’s hydrofoil project 
was assess and develop the potentialities the Bell- 
Baldwin ladder hydrofoil system for application naval 
surface vessels. This concentration one particular sys- 
tem was based partly national historical interest, but 
mainly the fact that other promising systems appeared 
well covered research effort the United 
States. 

Being research project, course, the terms 
reference were not rigidly laid down and certain devia- 
tions have crept work progressed. Nevertheless, all 
work NRE has been concerned with multiplane, fixed 
foil, area stabilizing craft and date the general con- 
figuration the early boats has been retained. That 
say, there are two main foil units forward supporting 
the majority the weight, with single steerable foil 
unit mounted the stern. 

soon became apparent that the multiplane system 
was appropriate the faster types craft. slower 
speeds, the disadvantages the ladder arrangement out- 
weigh their advantages except possibly the case 
very small boat required negotiate extreme sea 
general, for speeds knots, either incidence 
controlled monoplane area-stabilized system will 
show advantages. higher speeds, however, 
thickness-ratio the foils reduced avoid cavitation, 
aspect ratios have decreased limit bending 
stresses. then appears preferable distribute the foil 
area over the “rungs” ladder, restricting the number 
struts two per unit, rather than provide inter- 
mediate struts along the span higher aspect ratio 
foil. Apart from the structural advantages, the designer 


given more flexibility cope with the increased range 
speeds required between takeoff and maximum. 

date, all craft designed for speeds excess 
knots have used multiplane surface-piercing systems 
and appears that this the only arrangement which 
permits the foils designed from the hydrodynamic 
point view without causing severe structural problems. 
(Future developments materials and manufacturing 
techniques may, course, change this situation.) 

Thus appears that what was originally the develop- 
ment one particular hydrofoil system has become 
project rather greater significance. This because 
that system’s characteristics define for itself field 
which unique the present time. With the excep- 
tion one contractor, whose work mentioned 
below, the Canadian effort appears the only ex- 
perimental programme devoted problems encountered 
the delayed-cavitation regime, the Western world 
least. 

NRE has been primarily concerned with the develop- 
ment small craft the 45-60 knot speed range capable 
rough weather operation. The calm water boat not 
considered have naval potential this country and 
high order seakeeping ability regarded more 
important for naval application than the attainment 
large lift/drag ratios, which are primary concern 
commercial enterprises. 

These facts need borne mind when assessing 
the Canadian progress relation to, for example, the 
European “Supramar” concern, which now has craft 
tons very successful commercial operation pas- 
senger These craft have speeds around 
knots and are not intended handle extreme sea states. 

The Canadian project has, from the outset, had rather 
more ambitious objectives and been longer term 
nature than the various developments which have taken 
place industry, primarily with view towards pro- 
duction activity. 


Parallel work 


One industrial concern has recently entered the field 
high speed hydrofoil craft. This the Grumman 
Aircraft Engineering Corporation, who have recently 
completed study* for the Maritime Administration 
and have continuing development contracts. The Grum- 
man and NRE work complementary, since the latter 
seeking achieve high seakeeping ability with small 
craft, which involves “contouring” the seas, whereas the 
Grumman studies are aimed towards very much larger 
vessels which will “platform” with high hull clearances. 
This fundamental difference leads opposed design 
philosophies several respects and, between the two, 
the whole field should well 

Outside the Canadian project (and its contractors) the 
only craft known designed the Western world 
for the delayed-cavitation regime the XCH-4, de- 
veloped affiliate Grumman, Dynamic Develop- 
ments Incorporated. From Figure will seen that 
this boat the modern counterpart the HD-4. 
differs from the recent Canadian boats being designed 
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Figure 
Dynamic Developments Inc. XCH-4 


optimum its own size, rather than model 
representative larger craft. with the 
R-100 for example, approximately equal size and 
speed, its foils are large, since has been possible 
adopt lower lift coefficients ease the cavitation prob- 
The other obvious difference that craft 
designed with view optimum foilborne performance 
the expense slow speed characteristics. bears 
similar relation the R-100 Figure bears Figure 


R-100 

The R-100 craft, named after the lake 
Quebec where she underwent initial trials, was de- 
signed Philip Rhodes New York. Rhodes joined 
the Bell-Baldwin team and was associated with many 
the early developments. inherited all their empirical 
knowledge and designed several successful pleasure craft 
between the war years. 

The design the R-100 was initiated privately 
Hodgson Montreal, for water speed record 


Figure 


Rhodes R-100, 
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attempt, but DRB became interested and the craft was 
built modified designs under DRB direction, with 
Hodgson seconded from the RCN(R) project 
officer. 


The craft was designed demonstrate qualitatively 
the advantages associated with the Bell-Baldwin system. 
Early trials soon showed, however, that quantitative re- 
sults were required establish design parameters for 
larger craft possessing operational capabilities. was 
this stage that the project was assigned NRE 1951, 
and quantitative trials commenced 1952. 


Prior instrument installation, the R-100 (illustrated 
Figure 25) had all-up-weight 10,000 and was 
long. The foil units and sections were empirical 
development the Bell-Baldwin type, the main foils 
having five rungs each and supporting 75% the 
weight. The steerable stern foil had two rungs. 


The craft powered Packard built Rolls-Royce 
Merlin aircraft engine developing 1,200 
3,000 rpm. This directly coupled long inclined 
shaft conventional marine propeller. salt water 
cooling system, with pick-up one the shaft struts, 
was added for surface operation. 

was appreciated that, 10,000 the craft was 
too light for its size realistic model opera- 
tional craft. When instrumentation was added, however, 
and the all-up-weight increased about 12,000 
longitudinal instability the porpoising type occurred 
speed. The cause this was traced cavitation 
the foils, and was clear that revised design foil 
system was required. This was undertaken NRE. 

The modified R-100 craft, shown Figure 26, 
virtually different boat. The foil system was designed 


Figure 
NRE R-100, 


for much increased displacement 16,000 and the 
main foils were re-positioned the hull. Hull clearance 
was increased, load distribution altered and bow over- 
hang reduced. Trials demonstrated that the stability 
problem had been successfully overcome with this design. 


/ 


Figure 
Saunders-Roe R-103, “Bras 


R-103 “Bras 

While work with the R-100 was proceeding NRE, 
Saunders-Roe Ltd., under contract DRB and the 
British Admiralty, were studying problems involved 
the design larger craft using the Bell-Baldwin ladder 
system. This phase the activity culminated de- 
cision build the R-103 craft Saunders-Roe designs. 
This craft has all-up-weight 40,000 considered 
the smallest size that would introduce the type 
structural and mechanical engineering problems likely 
encountered practical operational craft. was 
designed scale model larger hypothetical craft, 
and powered two Rolls-Royce Griffon marine 
engines each developing 1,300 hp. 

The transmission arrangements are good example 
the type practical engineering problem this boat 
was intended solve. believed that for large high 
speed hydrofoil craft inclined shafts will not accept- 
able. the R-103 the engines face each other and, 
through right-angle gears, drive vertical shafts 
housed strut located centrally beneath the hull. 
the bottom the strut horizontal nacelle houses bevel 
gears which drive propellers the nacelle extremities. 
The aft propeller, used alone for low speed cruising and 
manoeuvring, controllable and reverse pitch unit. 

This craft, illustrated Figure 27, was named 
“Bras d’Or” commemorate its origins, and was de- 
livered NRE 1957 for evaluation. Further details 
and photographs will found Reference (1). 


R-X research craft 

The most recent addition hydrofoil development 
facilities NRE the R-X craft shown Figure 28. 
This small vehicle intended basic research tool. 
Its important feature the main foil beam which spans 
the craft and can positioned, slides, anywhere 
along the length the hull. this slide cantilevers, 
enabling main foil units varying span and track 
tested. The stern foil unit steerable and carried the 
end telescopic tube that its longitudinal position 
may also adjusted. possible remove false bow 
section the hull and position the single foil unit 


telescopic tube projecting from the bow instead 
the stern. Canard configurations can therefore tested, 
with the main foil beam positioned aft. 

The maximum weight the craft 6,000 and its 
length ft, excluding variable projections. 
powered Chrysler Imperial M-45-SP-3 marine gaso- 
line engine driving through Vee gear box and inclined 
shaft, and developing about 250 hp. 

Any type foil unit may fitted the boat. 
Figure shows (unfinished) ladder system intended 
simulate that designed Saunders-Roe for the 
“Bras 


SUMMARY CURRENT PROBLEMS 
Sub-cavitation regime 

fundamental gaps exist knowledge required for 
the design craft the sub-cavitating regime. Tech- 
niques remain improved, particularly connection 
with designing foil systems obtain optimum 
keeping ability, and craft will always subject the 
square-cube law scaling, that there scope for 
much practical engineering development obtain opti- 
mum characteristics, minimum weight structures and 
on. Basically, however, the only problems still requiring 
solution are those arising from the influence cavitation 
and the sub-cavitating regime this manifests itself only 
dictating compliance with the square-cube law. 


Delayed-cavitation regime 

higher speeds the same happy situation does not 
exist. problem remaining incompletely solved that 
predicting the inception cavitation low aspect 
ratio foil unit which incorporates dihedral, sweep, free 
surface and end-strut influences, and possibly cascade and 
other effects. Corrections can made the lift and 
drag characteristics for these “three-dimensional” para- 
meters, but their influence the chordwise distribution 
pressure over the foils inadequately understood. 
For this reason, accurate cavitation predictions cannot 
made without recourse model tests. This assumes 


Figure 
NRE R-X research craft 
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increased importance because cavitation phenomena 
not follow the laws dynamic similarity, and thus in- 
validate many desirable techniques for testing models. 

The sensitivity cavitation-delaying sections 
angle attack another matter some concern, be- 
cause variations encountered practice due craft 
response and orbital velocities waves. Reduction 
foil unit lift curve slopes due three-dimensional effects 
(such sweep) may prove advantageous, but detailed 
understanding the three-dimensional picture neces- 
sary before conclusive statements can made. prac- 
tice many compromises are involved insufficient 


operating experience has been obtained enable the 


limits the cavitation-delaying principle assessed. 


This becomes particularly evident when deciding 
what speed change over the super-ventilating con- 
cept. the case large craft with sufficient hull 
clearance platform all seas that wave response 
required, foil units are likely comparatively light 
and very low lift coefficients may acceptable. The 
narrow range cavitation-free angle attack associated 
with such foils may problem since trim response 
should negligible. follows that delayed-cavitation 
the other hand craft which small compared with the 
Seas must contour and respond all large waves. The 
foil units are likely more complex, involving addi- 
tional weight and demanding the use higher lift co- 
efficients. This, combined with the significant trim and 
heave response such boat, might warrant the use 
super-ventilating foils speeds low knots. 


Super-ventilation regime 
The development super-ventilating foils its 
infancy far practical applications hydrofoil craft 
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are concerned. Two-dimensional theories are well estab- 
lished and confirmed experiment. 
dimensional effects have received adequate engineer- 
ing treatment, but much remains done and 
practical operating experience has been obtained. The 
potentiality such foils believed high unless 
insuperable structural hydro-elastic difficulties are 
encountered. 


Since further work required almost all aspects 
list the problems here. Indeed there may problems 
yet unforeseen. Special mention might made, how- 
ever, one particularly desirable avenue research. 
This the development sections possessing improved 
low speed characteristics and reasonably stable behaviour 
the transitional stage. 


CONCLUDING REMARK 

The aim this paper has been show how the 
phenomenon cavitation introduces problems hydro- 
foil craft design which are, the same time, closely akin 
some aerodynamic situations and very different from 
them. hardly report which reaches conclusion, 
unless this the fact that most problems the design 
hydrofoil systems have their roots the limitations 
imposed cavitation. 
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AMENDMENT THE BYLAWS 


ANNOUNCEMENT THE COUNCIL 


Meeting the Council held the 17th October, 
1959, certain Amendments the Bylaws the In- 
stitute were approved and, required Section 
Article 19, these Amendments were subsequently sub- 
mitted the voting members voted letter 
ballot. explanatory notice about these Amendments 
was published the November, 1959, issue the Cana- 
dian Aeronautical Journal. 

Under the terms Section Regulation No. 13, 
the President required appoint three voting members 
act scrutineers and count the votes; accordingly 
Cockshutt, and S/Cst Ney, Technical 
Member. 


These scrutineers submitted their report the 21st 
December, 1959, and copies were sent mail all 
members the Council. The report follows: 

“The Amendments the Bylaws approved the 

Council the 17th October, 1959, were submitted 

the voting members the Institute the 20th 

November voted letter ballot. For pur- 

poses the ballot the Amendments were divided into 

four groups, Group (i) concerning the Object the 

Institute, Group concerning the Council, Group 

(iii) concerning Membership and Dues and Group 

(iv) covering number miscellaneous minor 


changes; each group was voted whole. 
The 18th December, 1959, was set the date 
which the votes had returned. 


“The votes were counted the Headquarters 
the Institute the 19th December, 1959, with the 
following results: 


Votes cast Infavour Not favour 
Group (i) 585 575 
Group (ii) 584 568 
Group (iii) 585 578 
Group (iv) 585 580 
Four ballots were spoiled. 
Luttman 
Cockshutt 
21st December, 1959 Ney” 


view the fact that the majority favour each 
Group exceeds two-thirds the votes cast, the Council 
regards each Group adopted compliance with the 
terms Section Article 13. The Amendments have 
now been submitted the Secretary State for final 
approval. 

Luttman 
Secretary 


Dated the Ist January, 1960 For the Council 


APPROVAL THE SECRETARY STATE 


Notification approval the above-mentioned 
Amendments the Bylaws was received from the De- 
partment the Secretary State the 6th January, 
1960. Copies the Bylaws embodying these Amend- 
ments will prepared soon possible and will then 
available, request, from CAI Headquarters from 


Branch Secretaries. 


The revised constitution the Council, which the 
principal feature these Amendments, governed 
the new formula for the election members the 
Council. scheme transition has been worked out 
the Council, whereby the effects the new formula 

_the constitution the Council will achieved the 
coming year. However the new formula, such, must 
introduced progressively and will not full 


operation until 1963-64. 
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SECRETARY’S LETTER 


NEW MEETING TECHNIQUES 


endeavour add variety our Meeting pro- 
grammes and enable more members participate, 
are experimenting with two new techniques that 
is, new the CAI the forthcoming Mid-season 
Meeting Edmonton. they are successful shall 
develop them future Meetings. This test Edmonton 
will all-important and hope that everyone attending 
the Meeting will his best come these sessions 
and give hand. 


One these ideas the session devoted rather 
specialized subject, presented manner which will 
intelligible and useful non-specialists; its success de- 
pends considerably the skill the lecturer. Since the 
average aeronautical engineer woefully ignorant 
electronics, particularly its physical principles, this 
seemed good place start, and Professor Moody 
the University Saskatchewan was invited talk 
about some phase the subject. has chosen lec- 
ture Fast Pulses and Semiconductors; sounds rather 
daunting title but understand that covers funda- 
mental area electronics and Professor Moody assures 
that his treatment will quite simple. Cer- 
tainly his summary, which appears page 35, gives 
promise very interesting session. 

The other idea the “open forum” the Propulsion 
Session. are bunch people with roughly similar 
interests and ought able pass hints and 
tips one another now and then. Half dozen 
talking shop bar invariably “exchange information”, 
use the official expression, without any difficulty 
all. The idea this “open transfer this 
barside argument technique into rather informal ses- 
sion, where more people can take part and where 
Chairman can stop everybody taking part once. 
have suggested that written questions should given 
the Chairman, but this just get things going; every- 
one will liberty stand from the floor and 
ask any questions likes; the only restriction that 
should about Propulsion. Let not inhibited 
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silly question and should not afraid ask 
want know the answer. are members the 
Institute help one another and, between us, ought 
have some answers; and, hope, some arguments too. 


MEMBERSHIP 


often asked how CAI membership has weathered 
the storm 1959. The answer that might have 
fared great deal worse. Certainly have lost great 
many members about three times many 
usually lose year but have been rather pleasantly 
surprised the number who have retained their mem- 
bership, spite having been the victims the 
Arrow/Iroquois catastrophe. Some this may tem- 
porary and may suffer further losses from this cause 
the next year two; but let hope for the best. 


the meantime, though there has been some decline 
previous years, applications for membership are still 
coming in. guess that, the present rate, shall 
end the fiscal year (31st March) with about 2,000 mem- 
bers, compared with 2,281 the end 1958-59. 


BACK NUMBERS 


the Journal begins establish reputation, ap- 
plications for subscriptions from libraries and the like 
continue increase and these are often accompanied 
requests for sets back issues. Unfortunately 
cannot fill these, because few issues are out print. 
have occasionally advertised for them but little 
avail. 

nice know that everybody treasures his copies 
the Journal enthusiastically even when offer 
buy them back! However, repeat now that need 
the issues January, March and June 1956 and March 
1959 and are prepared pay each for limited 
number tolerably clean copies. 


Have look that pile the shelf. 
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MID-SEASON MEETING 


Programme 
Friday, 19th February, 1960 


9.00 a.m. 
FUEL AND OIL 
Chairman 
Hovey 
Senior Test and Development Engineer 
Winnipeg Division Bristol Aero-Industries Limited 


Recent Advances Aircraft Fuels 


Davies 
Senior Chemist, Shell Oil Company Canada Limited 


Engineering Approach the Rating Aircraft Fluid Filters 
Noonan 
Aircraft Hydraulics Group Leader, National Research Council 


Appraisal Synthetic Lubricants Aircraft Gas Turbines 


Perry 
Technical Service Aviation Representative, Imperial Oil Limited 


2.00 p.m. 
ASTRONAUTICS 
Chairman 


Vice-Principal and Head the Aeronautics Department 
Provincial Institute Technology and Art, Calgary 


Two Films 
recent issue, Astronautical Topics 
Space Astronomy 
Dr. 
Officer-in-charge, Dominion Radio Astrophysical Observatory 


Non-propulsive Power Systems for Missiles and Space Vehicles 
Breaux 
Project Engineer, Missile Systems, and 
Group Supervisor, Preliminary Design, 
AiResearch Manufacturing Company, 
Division the Garrett Corporation 


8.30 p.m. 
ELECTRONICS 


Chairman 
F/L 
RCAF Station Namao 


Fast Pulses and Semiconductors 


Pror. Moopy 
University Saskatchewan 


Saturday, 20th February, 1960 


9.00 a.m. 
OPERATIONS 
Chairman 


Gray 


Director Flight Operations 
Canadian Pacific Air Lines, Limited 


Reliability Airline Operation How obtain it? 


Director Maintenance and Engineering 
Canadian Pacific Air Lines, Limited 


Comments the Evolution Aircraft Maintenance Concepts 


Operations Analyst, Operations Analysis Office, 
Vice Chief Staff, USAF 


Design and Development the STOL Airplane 


Public Relations Manager 
The Havilland Aircraft Canada Limited 


2.00 p.m. 
PROPULSION 


Chairman 
W/C 
RCAF Station Cold Lake 


Recent Advances Ball and Roller Bearings 


Assistant Chief Engineer, Canadian SKF Company Limited 


New Problem Areas Aircraft Propeller Design 


Rosen 


Chief Analysis, 
Hamilton Standard Division United Aircraft Corporation 


Open Forum 


7.00 p.m. 
DINNER 
Chairman 


Dr. 
President, Canadian Aeronautical Institute 


Guest Honour and Principal Speaker 


Deputy Minister Northern Affairs and National Resources 
Aviation and Northern Development 
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MEETINGS 


MID-SEASON MEETING 


The programme the Mid-season 
Meeting set out the opposite page; 
notices giving the full programme have 
been sent all members the Institute. 


ABSTRACTS 


The following are abstracts some 
the papers presented the 
Mid-season Meeting. 


Recent Advances Aircraft Fuels 


Davies Shell Oil 


The paper discusses specification 
changes for aviation gasolines and then 
the evolution military speci- 
fications for aircraft turbine fuels. The 
more controversial turbine fuel proper- 
ties such burnability characteristics, 
freezing point, volatility, permissible ad- 
ditives, are discussed the light 
operating experience insofar this has 
led the development civil turbine 
fuel specifications. Probable future 
trends turbine fuels for both civil and 
military aircraft are described. The 
paper concludes discussing briefly 
rocket engine fuels and some the 
“exotic” fuels which have received much 


publicity recently. 


Engineering Approach the 
Rating Aircraft Fluid Filters 


The function filter airborne 
hydraulic system examined. Methods 
used cbtain measure the trans- 
mission characteristics various filter 
media are described. The necessity 
obtaining accurate particle size measure- 
ments emphasized and one particular 
method described detail, with spe- 
cial reference being made the ac- 
curacy the results obtained. Some 
physical properties different porous 
media are noted. 


Appraisal Synthetic Lubricants 
Aircraft Gas Turbines 
Perry Imperial Oil 


Aircraft gas turbine engines have 
created lubrication demands which are 
unique compared with those the pis- 
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ton engine. The inability conven- 
tionally refined petroleum oils satisfy 
both low and high temperature require- 
ments resulted the development 
ester base synthetic oils. This paper re- 
views the historical development this 
lubricant the light changing engine 
requirements. 


Millions engine hours have been 
accumulated gas turbines lubricated 
with synthetic oil. The unprecedented 
performance record this oil com- 
mercial airlines will discussed. The 
review will cover the period from the 
introduction the Viscount 1953 
the end the first year’s operation 
the jet transports. 


Space Astronomy 


Dr. Locke Dominion 
Radio Astrophysical Laboratory 


Until very recently, astronomical ob- 
servations could made only with 
instruments situated near the sur- 
face the earth. The accuracy and 
extent such observations are severely 
limited the terrestrial environment. 
Now, for the first time, simple un- 
manned observatories can placed 
outer space and, the near future, 
more extensive experiments will un- 
dertaken. 


The paper. discusses the limitations 
imposed earth-bound astronomers, 
the importance the additional in- 
formation which can expected from 
observatories space and some the 
difficulties which must overcome. 


Fast Pulses and Semiconductors 


University Saskatchewan 


The measurement time funda- 
mental both engineering and physics. 
now possible generate pulses 
short one-billionth second and 
consequently times this order can 
measured. 


proves that such fast pulses open 
invention the microscope must have 
been. can now “see” events which 
were invisible before. 


Some the ways which fast pulses 
are generated and used are described, 


and the talk concludes showing that 
transistors are exciting new tool 
this work. 


Reliability Airline Operation 
How obtain it? 


The general theme the talk will 
based Canadian Pacific Air Lines’ 
Britannia operation from Engineering 
and Maintenance point view, outlin- 
ing the steps taken from negotiating the 
purchase agreement achieving reliable 
airline operations. the time available 
only few the many aspects this 
theme will stressed. 


Comments the Evolution Aircraft 
Maintenance Concepts 


After brief introduction, the ad- 
vance the art and the basic phi- 
losophy which underlies aircraft main- 
tenance policy are order 
establish background for the discussion 
concepts. 


The various steps the formulation 
the repair-and-replace concept are 
then developed chronologically. The 
origin and use the term “Rotable” 
explained. The effectiveness this con- 
cept developing reliability 
creasing manpower productivity are il- 
lustrated graphically. 


Following the chronology techno- 
logical development aircraft com- 
ponents, the conditions leading to, and 
the characteristics the dispcsal-at- 
failure concept maintenance are de- 
scribed. This leads the question 
choosing between the two concepts 
maintenance and the discussion 
process reasoning and formula that 
might used making this choice. 


Design and Development the 
STOL Airplane 


The presentation deals with the basic 
reasons which led the development 
the STOL utility airplane Canada. 
The author refers briefly the design 
features which enabled his company 
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achieve its STOL performance objec- 
tives. then deals with the variety 
roles which STOL utility Beaver and 
Otter aircraft have proved capable 
fulfilling Canada and how their short 
field performance led their adoption 
the United States Army, and event- 
ually some different countries 
throughout the world. The author then 
reveals how the Caribou was logical 
further development the Beaver and 
Otter and the thinking which deter- 
mined the DHC-4' final configuration. 


The film “Operation Below” deals 
with the operation bush aircraft un- 
der extreme low temperature conditions. 
“Minefinders Airline” deals with the 
work bush aircraft the develop- 
ment Quebec’s mining areas. “The 
Caribou” covers the outstanding features 
and performance capabilities DHC’s 
latest design. 


SOME THE SPEAKERS 


MacDonald 


Roller Bearings 


Cooper Canadian SKF 


proposed commence the paper 
with short introduction describing the 
basic types ball and roller bearings 
developed prior World War 
This will followed description 
the types used aircraft engines 
during the War. 

The developments 
bearings that have taken place during 
the decade 1950-59, mainly due the 
development gas turbine engines, 
will then discussed comparison 
with what had taken place prior that 
time. The paper will first discuss the 
requirements and then outline the de- 
velopments that have taken place the 
design, metallurgical and manufacturing 
fields. 
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Cooper 


New Problem Areas Aircraft 
Propeller Design 


Rosen Hamilton Standard 


brief review presented the 
advances aircraft propeller design 
from the trial-and-error art the early 
years pitch and ground adjustable 
propellers the precise aerodynamic 
and structural design propellers for 
today’s high performance aircraft. The 
trend propeller selection from the 
use off-the-shelf models the tailor- 
ing specific design for each new 
aircraft installation .is described. New 
problem areas being generated the 
more stringent performance 
ments tomorrow’s advanced aircraft 
are considered and some the current 
research and development efforts the 
propeller industry aimed providing 
the required new technologies are out- 
lined. 
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BRANCHES 


SURVEY THE BRANCHES 


Ottawa 


Chairman 


these days recession and regres- 
sion the aircraft industry one expects 
that interest professional societies 
such the Canadian Aeronautical In- 
stitute must surely wane. This has not 
been the case far the Ottawa 
Branch concerned. Membership has 
remained static 318 for some time 
now probably because only small per- 
centage Branch members are actually 
engaged industry. 

the matter organization, the Ot- 
tawa Branch differs not any from 
other Branches. Unlike some Branches, 


however, our Programmes 


which consists three 
chaired appointee, with the 
Branch Vice-Chairman serving 
member. This permits the Vice-Chair- 
man closely associated with, but 
free the exacting responsibility of, 
programme management. The Educa- 
tion and Training Committee, Member- 
ship Committee and Public Relations are 
staffed and chaired appointees, but 
the Nominating Committee chaired 
member the Branch Executive. 
keeping with the recent amendment 
the Branch Regulations, two Student 
Advisers have been appointed. One will 
cater for the requirements the local 
Ottawa area and the other the require- 
ments the Kingston area, over which 
the Ottawa Branch exercises parental 
influence. 


Early the season, when the general 
outline the year’s programme estab- 
lished the Executive Committee, 
every effort made ensure that what 
emerges will satisfy the general needs 
the membership large. This 
easy task since our members are em- 
ployed such areas endeavour 
research and development, design and 
operational evaluation, production and 
administration and aircraft operation and 
so, every effort made devote 
least one meeting per year towards the 
satisfaction the interests those 
members associated with the three Spe- 
cialist Sections the CAI. 

The biggest single problem facing the 
Programmes Committee that “keep- 
ing the interest up”. good papers and 
competent speakers are not provided 
attendance wanes. attendance meet- 
ings consistently low high calibre 
speakers are not attracted vicious 
circle. spite the many attempts 
have not been very successful per- 
suading members prepare and deliver 
papers home territory. Perhaps 
natural for members our youthful 
society hesitant matters such 
this; however, the USA and Britain 
this condition does not pertain. may 
question proper encouragement 
and our Programme Committee intends 
keep the pressure. 

Our Education and Training Commit- 
tee has been quite active and, the time 
writing, has report for con- 
sideration the Branch Executive 


Dominion-Wid. 


Ottawa Branch Executive Committee 
CDR Smith, A/C Gouin, Dr. MacPhail 
and W/C Cheminant 
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Committee. This report relates such 
subjects Educational Seminars, papers 


suitable for student bodies and student 
awards. 


The question Branch membership 
very much our minds the mo- 
ment. the statistics are meaningful 
they appear, increased membership 
one sure way increasing attendance 
regular meetings. spite attend- 
ance drives the form circular let- 
ters, telephoning committees etc, 
not seem able get over that 
hump “15% membership” attend- 
ance figure. 


During the last twelve months 
have been placing greater emphasis 
improving our friendly relationships 
with other technical societies the Ot- 
tawa joint luncheon meeting 
with the Engineering Institute Can- 
ada earlier this year was great success. 
More recently were delighted 
welcome representatives the Engi- 
neering Institute Canada, the Institute 
Radio Engineers, the Chemical In- 
stitute Canada and the American In- 
stitute Electrical Engineers the 
luncheon meeting which the Director 
Defense Research and Engineering, 
Department Defense, was our 
guest honour and principal speaker. 
our intention foster and develop 
such joint activities with other societies; 
for believe that they add the in- 
terest membership our own. 


NEWS 


Halifax-Dartmouth 


November Meeting 


The regular meeting the Branch 
was held the cinema the Chief 
Petty Officers’ Mess, HMCS Shearwater, 
Wednesday the 18th November, 
1959. The Branch Chairman, Mr. 
Wallworth, presided over the meeting 
which was attended members and 
guests. 


After short business session, the 
speaker for the evening, Mr. Chater 
Redifon (Canada) Limited, was in- 
troduced Mr. Hogg who briefly out- 
lined the speaker’s association with the 
CS2F Tracker Flight Simulator which is- 
currently being installed the RCN 
Air Station, Shearwater. 


his introductory remarks, Mr. 
Chater explained the need for non- 
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airborne type flying training device 
which would produce the flight charac- 
teristics aircraft. This need has 
been fulfilled the introduction 
“Flight Simulators” which basically were 
electrically operated computing devices. 

The simulator itself usually fixed 
base reproduction the fuselage and 
cockpit layout the particular air- 
craft. The windows are sprayed with 
opaque white paint and illuminated from 
the outside, give cloud effect. All 
aircraft facilities and instruments are 
faithfully reproduced and, many 
cases, complete sound 
provided. fact, all conditions found 
flight are found the simulator, with 
the exception the physical accelera- 
tion. addition, instructor’s console 
provided which consists repeater 
instruments and faults 
panel from which almost any naviga- 
tional problem and emergency condi- 
tion, within reason; can introduced. 


The speaker discussed considerable 
detail, the techniques used for the mathe- 
matical operations, ranging from simple 
addition complex resolutions, which 
are performed the analog computers. 


extremely interesting discussion 
period followed, during which the speak- 
answered numerous questions dealing 
with the operational training value 
flight simulators. The speaker was thank- 


Toronto 


November Meeting 


The third meeting the 1959-60 
season was held the cafeteria the 
Havilland Aircraft Canada Lim- 
ited Wednesday, 18th November. 

Professor Etkin introduced the 
speaker, Dr. Laidlaw, Chief, 
Dynamics Science Section North 
American Aviation, audience 
members and guests. describing 
the speaker’s achievements, Professor 
Etkin recalled that Dr. Laidlaw had one 
the finest scholastic records the 
history the engineering courses 
Toronto University. 


Dr. Laidlaw chose for his subject 
“The Effect Nuclear Blast Loads 
Aircraft Structures” and opened his re- 
marks stating that the effects 
blasts were varied and many, but 
would concern himself with the loads 
subjected upon structures shock 
waves and outline the damage an- 
ticipated and the probable areas affected 
proximity blasts. The purpose the 
tests was determine the shock wave 
propagation and measure the effect and 
dynamic response chordwise and span- 


wise pressures upon the wings and vari- 
cus portions the fuselage taken 
differing positions and distances from 
nuclear explosions. 


then pointed out that the mission 
upon which the aircraft was engaged 
varied with the anticipated type 
structural loading which might 
subjected. High altitude strategic bomb- 
ing indicates lower potential damage 
when compared with low altitude high 
speed tactical missions. the latter case, 
one the greatest problems lies the 
probability the aircraft becoming in- 
volved the blast effects provided 
its own weapon. Dr. Laidlaw showed 
number excellent slides depicting the 
basic effects nuclear explosions and 
indicating the proportions blast, radia- 
tion, high temperature, fall out, etc and 
the methods used calculate the re- 
sistance aircraft structures sudden 
intense aerodynamic loads. 


The speaker described actual tests per- 
formed behalf the Navy 
which two North American FJ4 single 
seat fighters, after undergoing 
gramme complete instrumentation, 
were actually flown into close proximity 
nuclear explosions. With the aid 
slides showed the locations the 
strain gauges, thermo-couples, accelero- 
meters, pressure transducers, high speed 
cameras and other equipment including 
two oscillographs fitted each aircraft. 


After describing the method re- 
ducing the data collected these flights 
and showing some the results ob- 
tained, Dr. Laidlaw concluded his talk 
indicating that although the problems 
facing were very great, his experience 
indicated that normal aerodynamic an- 
alysis was well suited the investiga- 
tions far undertaken this complex 


field. 


The speaker was thanked Mr. 
Klein who recalled that not only 
had the speaker enviable record 
Toronto University but that MIT had 
good reason remember him since 
was from them that had obtained his 
Doctorate with honours. 

The interest the audience was re- 
flected the questions the speaker 
which were mostly concerned with the 
tests conducted the aircraft. This 
lively period was concluded after Dr. 
Wade questioned the speaker about the 
noise level experienced the pilots. Dr. 
Laidlaw answered that was difficult 
tell since the time the pilots were 
rather incoherent! 

The Chairman, Dr. Wade, then closed 
the meeting reminding the audience 
the December meeting which Mr. 
Dyment TCA had accepted 
invitation speak the Douglas DC-8. 


Cold Lake 


December Meeting 


The Branch meeting was held 
Monday, the 14th December, and con- 
sisted two parts. the afternoon, 
through the kind arrangements CEPE/ 
AAED, the members made tour the 
Primrose range facilities and 
evening various officers CEPE elabo- 
rated the range capabilities. 


After briefing W/C Phripp, 
CEPE detachment commander, wherein 
explained the history and role 
CEPE/AAED and the various methods 
available them for obtaining informa- 
tion, the members, under the guidance 
S/L McLellan, visited the 
various complexities that make the 
range. These included (a) visit 
theodolite site where F/O Francis 
explained the operation these track- 
ing instruments used for measuring hori- 
zontal and vertical angles obtain and 
record distances and heights, (b) the 
land launching pad 
where F/O Haggart explained the 
operation and arrangements for 
ground launch and (c) the Test 
Control Centre, where F/L Buskard 
briefed the group the operation and 
arrangements the main control room 
explaining the various duties each 
member test team connected with 
test program. F/L Moffatt then con- 
ducted the members the equipment 
room where briefly explained the use 
various complex electronic equip- 
ment necessary for conducting safe 
test program. F/O Haggart then dealt 
with some the aspects the use 
telemetry equipment pointing out the 
various units and showing how they 
were tied with each other gather 
and record flight test 

The evening meeting was held the 
GIS theatre where W/C Phripp intro- 
duced the speakers and their subjects; 
F/L Fretts, “Air Instrumentation”, 
F/O Haggart, “Telemetry”, and F/L 
Moffatt, “Range facilities shown 
hypothetical test operation”. F/L 
Fretts’ talk gave the members some 
inkling into the various types and vari- 
eties instrumentation available and 
necessary obtain test operation data 
manned airborne vehicle. clearly 
showed the use charts the pros. 
and cons some the types in- 
strument, the type and extent data 
that could obtained. F/O Haggart 
then explained greater detail the 
operation the telemetry equipment 
the members had seen earlier. ex- 
plained the advantages telemetry 
showing how becoming increasingly 
more important method for obtain- 
ing great deal information rapidly 
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and accurately and processing the data 
received form that readily adapt- 
able for reduction computer. 


F/L Moffatt then showed the mem- 
bers how typical test operation 
conducted, stressing the many safety 
features that are necessary each mem- 
ber connected with the test fully 
aware, both visually and audibly, 
what taking place and should not 
satisfied that the operation pro- 
ceeding planned has the perfect 
right “scrub” operation any 
ime. 

the conclusion the talks light 
refreshments were served and the many 
pertinent questions asked the mem- 
bers they circulated amongst each 
other clearly indicated the interest that 
had been aroused the very interest- 
ing and informative talks. 


Calgary 


December Meeting 


The Branch Chairman, Mr. 
Zmurchyk, welcomed members and 
guests who attended supper meeting 
held the 9th December. 


After conducting short business ses- 
sion, which reminded the Branch 
membership act upon the Ballot for 
the Bylaws, turned the meeting over 
Mr. Hampshire who intrcduced 
the guest speaker the evening, A/C 
Gordon (retired), Manager, Cana- 
dian Pacific Air Lines (Repairs) Limited. 


A/C Gordon’s subject “Early North- 
ern Sky Trails” described the early 
flights Canada, particularly the 
North. .He also spoke about civil and 
military flying the 1920 1939 era, 
describing both the personalities and the 
aircraft involved. His talk was illustrated 
with large map Canada upon which 
been traced the routes those early 

iers. 


the conclusion the talk, the 
speaker was thanked Mr. 
Jamison behalf those present. 

Following the address the guest 
speaker, RCAF film entitled “Heli- 
copter Arctic Operations” was shown. 
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Dununwn-Wide 


Head Table Guests 


Standing r): Dr. Bishop (CIC), Mr. McCaffrey (CAI), 
Dr. Zimmerman (DRB), Mr. Gaylard (AIEE), 
Mr. McCook (Press Gallery), Mr. Kelland (CAI), 

Mr. Watt (EIC), W/C Cheminant (CAI), Mr. Watson 
(CAI), Mr. Morrison (AITA), A/C Gouin (CAI) and 
Mr. Boyd (Vice-President, CAI) 

Sitting r): A/V/M Niverville (DOT), Dr. MacPhail 
(President, CAI), His Excellency the U.S. Ambassador, Dr. York, 
CDR Smith (CAI) and Mr. Luttman (CAI) 


Ottawa 


December Meeting 


luncheon was held the Chateau 
Laurier the 10th December hon- 
our Dr. York, Director, De- 
fense Research and Engineering, United 
States Department Defense, and was 
attended some 124 members and 
guests the CAI, EIC, IRE, AIEE, 
and CIC. 


"Dominion-Wide 
Dr. York and CDR Smith 


After the introduction the Head 
Table guests the Chairman the 
Ottawa Branch the CAI, CDR 
Smith, the speaker was introduced 
Dr. MacPhail, President the 
CAI. 

Dr. York gave interesting account 
the program for development 
rockets for ballistic missiles and space 
exploration. outlined the large rocket 
motor program mentioning rockets 
360,000 thrust used the existing 
Atlas and the large motor 1.5 million 
thrust being developed for space 
missions. said that the new large 
motor will used clusters pro- 
vide 6.0 even 9.0 million thrust. 

The program for most 
grams handled NASA while the 
ballistic rockets and other space pro- 
grams having military application are 
handled Dr. York’s Department. 

the conclusion his talk, Dr. 
York was thanked behalf the En- 
gineering and Scientific Societies Mr. 
Watson, Scientific Advisor the 
Chief General Staff, DRB. 
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MEMBERS 


has been elected Director Can- 
adian Vertol Aircraft Limited. 


General Putt (USAF ret.), Hon. 
has been elected President 
the Institute the Aeronautical Sci- 
ences for 1960. 


Civil Aviation the Department 
Transport has been appointed Senior 
Canadian Representative the Coun- 
cil the International Civil Aviation 
Organization. 


Beresford, formerly with 
North American Aviation has taken 
position Senior Engineering Tech- 
nician with Vertol Aircraft Corpora- 
tion, Morton, Pa. 


Brauer, has recently 
taken position with General Motors 
Corporation their Detroit Transmis- 
sion Division, Willow Run, Michigan. 


Company has been appointed Con- 
tracts Administrator. 


S/L Stewart, was recently 


transferred from the Canadian Joint 
Staff Washington AFHQ 
‘Ottawa. 


Tynan-Byrd, M.C.A.I., has taken 
position with Canadair Limited 
Montreal. 


IAS 


25th 28th January 28th Annual 


CAI 
19th and 20th February—Mid-season 
Meeting, Kincsway 


BRANCHES 


Winnipeg 
22nd January 6.30 p.m., WINNI- 
pec Scientific Explora- 
tion Space, Watson, DRB, 
Scientific Advisor the Chief 
General Staff. 


Wolf, has taken position 
with Rolls-Royce Canada Limited 
Montreal. 


F/O Mitchell, Technical Member, has 
recently been transferred Montreal 
Flight Test Engineer the RCAF 
CC-106 Flight Test Team Canadair 
Limited. 


Liddall, Technical Member, 
Havilland Aircraft Canada has 
been transferred Havilland 
England. 


ADMISSIONS 


meeting the Admissions Com- 
mittee, held the 3rd December, 1959, 
the following were admitted the 
grades shown. 


Associate Fellow 


Prof. Collar, Aeronautical Engin- 
eering, University Bristol, Bristol, 
England: Queen’s Building, University 
Walk, Bristol England. 


Member 


Burgess, Service Engineer, Standard 
Aero Engine Ltd., Winnipeg, Man.: 
359 Olive St., Winnipeg 12, Man. 


Cashell, Base Supervisor, Depart- 
ment Transport, Civil Aviation, 
Flight Operations, Ottawa, Ont.: 656 
Wavell Ave., Ottawa Ont. 


COMING EVENTS 


Vancouver 


15th February Space Flight, Boeing 
Aircraft Co. (Joint with SAE) 


UNIVERSITIES 


flight will held the Faculty 
Engineering, Thursdays 7.00 pm, 
Room 204, McConnell Engineering 
Building. Admission ticket only. 
Tickets may obtained from Miss 
Rosner, Secretary, Dept. 
Mechanical Engineering, McGill Uni- 
versity, Montreal P.Q. 


These lectures are follows: 


Aviation Canada, Parkin, 
NRC. 


Havilland Aircraft Canada Ltd., 
Downsview, Ont.: Site Box 41, 
Streetsville, Ont. 


Honegger, Engineer, Missile Pro- 
ject Office, Canadair Ltd., Montreal, 
P.Q.: 192 Dieppe St., Pointe Claire, 


Technical Member 

Crabbe, Engineer, Thermodyna- 
mics, Canadair Ltd., Montreal, P.Q.: 
Deseronto, Ont. 


LAC Hines, RCAF, Draftsman, 
Aeronautical Engineering, RCAF Sta- 
tion, Clinton, Ont.: Hensall, Ont. 


Jensen, Technical Representative 
Field Engineer, Philco Corp. Can- 
ada, Don Mills, Ont.: 122 Albro Lake 
Rd., Dartmouth, N.S. 


Liaison Engineer, Fleet 
Manufacturing Ltd., Fort Erie, Ont.: 
860 Portage Rd. South, Niagara Falls, 
Ont. 


Student 


Dzulinsky, Central Technical 
School, Toronto, Ont.: Santa Mon- 
ica Blvd., Scarborough, Ont. 


Hancox, Provincial Institute 
Technology Art, Calgary, 
1813 18th Ave. N.W., Calgary, 


Technology Art, Calgary, Alta.: 
Didsbury, 


28th January Low Speed Flight, 
Prof. Newman, McGill Uni- 
versity. 

4th February—The Control and Sta- 
bility Aircraft, Prof. Etkin, 
University Toronto. 

February—High Speed Flight, 
Longhurst, Canadair Ltd. 
18th February—Polar and Mid-Lati- 
tude Navigation: Present and Future, 
W/C Greenaway, RCAF. 


25th February Flight Propulsion, 
Dean Mordell, McGill Uni- 
versity. 

3rd March—The Evolution Air- 
craft Structures, Edis, McGill 
University. 

10th March—Flight into Space, 
Campbell, NRC. 
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NEW, 
ALL 

FORTY 
FOUR 
SOARS 
SKYWARD 


FIRST FLIGHT, FIRST PRODUCTION, FIRST FOR DELIVERY— 
THAT’S THE SUCCESS STORY CANADAIR’S NEW CARGOPLANE 


ARE IFS, ANDS BUTS 
ABOUT THIS CARGOPLANE! here. 
built for use now. Its first flight 
marked giant step forward its de- 
velopment program. The next step will 
its FAA type certification, and then the all- 
new Canadair Forty Four will into 
regular air cargo service with The Royal 
Canadian Air Force, The Flying Tiger 
Line and Seaboard Western Airlines. 


THE RIGHT SIZE THE RIGHT 
TIME. The present payload capacity 
the Forty Four ideally matched the 
forecasted cargo requirements the 1960’s. 
the that the development rate 
air freight will climb sharply toward 
the major breakthrough air cargo 
traffic. The Canadair Forty Four the 
right size for highly profitable operations 
during this rising development period. 


CANADAIR 
LIMITED, MONTREAL 
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Canadair Forty Four, photographed flight November 15, 1959 
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INSTRUCTIONS CONTRIBUTORS 


The Canadian Aeronautical Institute invites the submission papers, articles and technical 
notes for publication the Canadian Journal. Following the practice other 
societies, the Institute does not pay for contributions. 


Authors should prepare their material accordance with the following directions: 


Manuscripts. Manuscripts should 

(a) Typewritten, double-spaced, 

(b) one side white paper, 

(c) With wide margins, approximately 14”, and 
(d) With pages numbered consecutively. 


Manuscripts must final form; the addition material 
after acceptance the Institute cannot permitted. 


Titles. The following form should invariably adopted:— 

Titles should brief; 

(b) The name and initials the author should written 
prefers; (Rank title preceding the name e.g. Wing Com- 
mander Dr., should included but abbreviations 
degrees etc., after the name, should omitted.); 

(c) The name the organization with which the author 
associated should shown under his name; and 

(d) The author’s position the organization, referred (c) 
above, should shown footnote the first page. 


Summaries. Each paper should preceded summary 
(a) 100 300 words, (10 lines, double-spaced), 
(b) non-specialist language, far possible, 

(c) Stating the main conclusions the paper. 


Sub-Headings and Paragraph Numbering. Sub-headings should 
inserted the author frequent intervals. Paragraphs should 
not numbered. 


References. References referred the author should 
treated thus:— 


(a) References should numbered consecutively throughout the 
paper; 

(b) allusion reference should indicated bracketed 
numeral e.g. “It has been shown Dr. James (7) 

(c) Direct citation reference the text should written 
full, e.g. “As shown Reference (7) and 

(d) References should grouped together numerical order 
the end the paper, each showing 
first, the numerical designation, e.g. “(7)”. 
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solidus, e.g. A/(B+C) rather than 

B+C 

(b) Complicated expressions should identified some con- 
venient symbol, necessary avoid repetition the whole 
expression; and 

(c) Complicated subscripts and exponents, and dots 
over letters symbols should avoided. 


Symbols and Abbreviations. Consistency 


(a) The symbols recommended the American Standards Asso- 
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remarkably versatile engine, the lightweight 500 horsepower PT6 
has been designed meet many and multi-engine 
fixed wing aircraft and high speed marine installa- 
tions. offers new concept engine design...an axial-centrifugal 
flow, moderate pressure ratio turbine engine with free turbine 
drive for either turboprop turboshaft installations. This rugged 
250-pound engine offers dependable performance, combined with 
low fuel consumption and ease maintenance. Canada’s first 
turboprop engine. 
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